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of partially relevant material that which is most relevant to your interests. 
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Preface 


Think about some book you read a while ago, and imagine yourself 
taking an exam on it today. How much would you remember? How much of 
this material have vou later used in some way? Chances are you have 
remembered and used only a small fraction of all the material presented in 
the book. WAat do vou remember of this material? Probably some of the 
most basic concepts, a few general principles, and certain specific facts that 
were particularly interesting or important to you. | 

I believe there is a message for textbook writers in this common experi- 
ence concerning the limited quantity and selective quality of human mem- 
ory. We must emphasize the explanation of concepts and general princi- 
ples. Specific facts are a means to the end of clear understanding of general 
principles, not an end in themselves. Furthermore, whenever possible, 
specifics should be selected which are most likely to be interesting or relev- 
ant to the reader's goals and probable life experiences. 

Accordingly, this book focuses on explaining concepts and principles, 
rather than on explaining the results of experiments. A modest number of 
experiments are explained in some detail to illustrate concepts and princi- 
ples, but for other experiments only the most relevant facts are presented. 
Second, there is also extensive use of everyday experiences and practical 
applications to illustrate important concepts and principles of learning and 
memory. i : 

Third, I aimed for an integrated presentation of the various topics in 
learning and memory that is simple, precise, and accurate. I tried to use 
simple and precise concepts and principles that had great generality in 
explaining a wide variety of phenomena. I tried to avoid complex theories, 
vague generalities, narrow theories of particular phenomena, and, of 
Course, inaccurate theories. Simplicity, precision, generality, and accuracy 
are four criteria for judging a theory in science, and I think these criteria 
are equally applicable to a textbook. | | | 

Fourth, I placed emphasis on learning the precise meaning of the basic 
concepts used in both theories and experiments in learning and memory. 
The method I favor for learning this specialized vocabulary is to use the 


xiii 


xiv Preface 


concepts to explain 


a theoretical principle, fact, or experimental proce- 
dure. If a 


formal definition seems helpful, great; I will use it. But in close 
proximity to the formal definition will be one or more 
knowing this concept (this meaning of a word) is useful. 

Fifth, we all know how repetition, 
learning and memory. According 


examples of why 


particularly spaced repetition, aids 
ly, I did not assume in a later chapter that 
the reader necessarily remembered the meanings of specialized terms in- 
troduced in earlier chapters. I tried to remind the reader often of the 
meanings of technical terms when the same terms occurred later in the 
book. One reason for this is to make each chapter somewhat more self- 
contained, permitting chapters to be read out of sequence, or aiding the 
reader who has forgotten the meaning of some important term introduced 


earlier. Repetition also provides spaced review for the reader who does 
remember the concept. 


Sixth, to assist the reader 
spaced review, every ch 
with a Summary of i 
chapter. The Objectiv 


in organizing the material and to provide 
apter begins with a listing of its Objectives and ends 
he basic concepts and principles discussed in that 
es and Summaries foretell and retell the contents of 


the chapters in ways that I hope will help the reader to discriminate the 
forest from the trees, the general conce 


porting evidence and illustra 


mbering all the specific 
€s you are a member of 


the Psycholo: 


r ngrid. Finally, I S 
Prentice-Hall for 


their help i ish : 
Sweet, Sam Hayn P m publishing this b 
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es, Hal Strong, and Joan Lee. DRE Jutsek, Ner 


Learning 
and 
Memory 


Introduction 


OBJECTIVES 


no 


To introduce some of the basic concepts and principles of learning and 
memory that focus on practical problems and life experiences rather 
than more artificial experimental data. 

To distinguish between learning and performance and to discuss the roles 
of motivation and attention. 

To describe the three basic phases of memory: acquisition (learning), 
storage (consolidation and forgetting), and retrieval (recall or recogni- 
tion). 

To discuss the encoding of events using general concepts as distinguished 
from specific sensory attributes. 

To define and explain the concepts of associative апа nonassociative 
memory. 

To explain the chunking capacity of the mind, and how it extends the 
power of associative memory. 

To distinguish different types of learning by means of such concepts 
as: (1) whether the organism is trained to emit or omit a response, (2) 
whether the motivation for learning is appetitive (to achieve something 
positive) or aversive (to avoid something negative), (3) the number of 
events on which learning is contingent, (4) how close in time events 
must be for learning to take place, (5) the role of preparedness of an 
organism for any type of learning, (6) the existence of critical periods in 
which organisms are more highly prepared for a certain type of learn- 
ing, and (7) the dynamics (rates) of learning and forgetting. 


The person I was five years ago no longer exists. Neither does the person 


you were five years ago. At that time we had different knowledge, goals 
and emotions from those we have now. Excluding maturation, illness, and 
injury, what caused us to change was learning and forgetting. 
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Do we know more today than we did then? Ic ч 
No scientist today can answer that question. We can assess knowledge of " 
particular field by a set of questions drawn from some larger pool, but we 
cannot assess the total amount of knowledge possessed by ii doni 
mind. In many people this total may increase steadily throughout Spee 
they are seventy or eighty. On the other hand, perhaps everyone reaches 
some maximum quantity of knowledg S i is 
merely maintains that level until they are seventy or cighty. It is even 
possible that the total quantity of knowledge peaks at the time we leave 
school and declines thereafter. But that quality of knowledge continues to 
be subject to change. In any event, the accumulation of knowledge in our 
minds changes by both addition and subtraction, 


annot say, even for myself. 


e in their twenties or thirties and 


LIMITED CAPACITY 


I have often heard the claim that we use only a small fraction of our 
capacity for learning and memory. 
knowledge an individual possesses 
mind's maximum capacity, 
claims. For whatev 


Since we cannot measure the total 
and since we have no idea of the human 
there is no Way we can assess the truth of such 
er it is worth, I hold the opposite point of view: I believe 
that many people under many conditions are using a rather large part ol 
their learning and memory capacity. However, I believe that much of the 
knowledge that people learn is far poorer in quality than the knowledge 
they could be learning. We probably learn something every moment of our 
waking lives, and there may be only moderate variations in how much we 
are learning at various times, but we don't know because there is no evi- 
dence regarding variations in the total quantity we learn at different times. 
A person may have learned very little about a topic during a formal lesson 
Situation, but that does not mean he or she learned very little of anything in 
that period. That person may have been thinking about and learning more 
of other things instead of learning the content of the formal lesson, Of 
course there are different rates of learning for different individuals and 
for the same individual at different times. However, what we learn is almost 
certainly far more important than how much we learn. 
Similarly, the evidence Suggests that there are only modest differences in 
erent individuals when the nature of what was 
is little to support th 


f or knowledge are 
basic memory trace decay rates in the brain. There are differences in how 
fast material is forgotten, but these difference 

from the way the material wz 

say, from differences in what was learned. 


Laboratory studies tend t 


5 appear to result largely 
ime of learning—that is to 


© Support common €xperience: that we forget 
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what we learn unless we continually use—that is, rehearse and relearn—it. 
Furthermore, the rate of forgetting is very rapid immediately after learn- 
ing, but it gradually slows down the longer the time since learning. This 
means that most of us forget most of what we learn the first few days after 
we learn it. 

Part of the reason for this is interference. Interference is subsequent learn- 
ing that uses some of the same concepts used in the earlier learning in such 
a way that it interferes with our ability to remember the previously learned 
material. There is a story (presumably apocryphal) that illustrates how 
interference works: A professor of ichthyology became a college dean. 
After his appointment he claimed that every time he learned a student's 
name he forgot a fish! 

We can counteract this forgetting for any given knowledge by periodic 
review, but while we review some material we are losing other material, and 
we are not using the time to acquire new knowledge. We must accept that 
the human capacity for learning and memory is substantial but not 
unlimited —indeed, we may well be operating close to that capacity in quan- 
tity, though not in quality, of knowledge. T 

The hypothesis that human beings operate fairly close to their quantita- 
tive learning and memory limits has a number of important consequences. 
For example, in education emphasis should be on the quality rather than 
on the amount of knowledge that students are required to learn. What is 
high-quality knowledge? 1 would say it is knowledge that we can use to 
achieve some important goal. Such knowledge includes general concepts 
and principles that give us insight into and understanding of facts and 
experiences. It is also knowledge that satisfies our curiosity and integrates 
Separate aspects of human experience. 

The curricula of elementary and secondary schools teach much that is 
generally useful, but a wider acceptance of the idea that learning and 
memory capacities are limited might produce important change in some 
aspects of public education. For example, itis of far less general value to 
know the superficial physical characteristics of various plants and animals 
than to know about nutrition, disease, first aid, the anatomy and physiology 
of the human body, and the general principles of living systems. It is also 
debatable whether a child ought to be taught a foreign language. The more 
a child in an intellectually rich environment learns about one thing, the less 
he or she learns about other things. Directing part of a child's time to the 
learning of a foreign language might result in less conceptual growth in 
other areas. There are substantial social, personal, and intellectual values to 
foreign language learning, but its inclusion in elementary and preschool 
curricula is certainly open to question. ү | 

With so much you might do to improve the quality of your knowledge, 
there is little reason to be discouraged by the possibility that you cannot 
greatly increase the quantity of your knowledge beyond that which you 
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possess today. There is something to be gained in human happiness by ше 
explicit recognition that our memory capacity is limited, if we adjust —€— 
tations for our own performance and the performances of others acco 
ingly. | - 
The concern some people have about their "bad memories 
Memory capacity varies for differe 
bers people's names or some 
necessarily a person with hig 
vidual who has trouble 


“is misguided. 
nt individuals. The person who remem- 
other class of things expecially well is not 
her general memory capacity than the indi- 
remembering these things. People who know mukh 
about some topics have spent much time learning about them, and € 
therefore spent less time | earning about other topics and will generally * 
less informed about them than you are. There is a trade-off between study- 
ing and doing. Most of us wish to use our knowledge to accomplish some- 
thing. Some people who know more 
a direct result of their learning. 
Recognizing that memory capacity is limited c. 
to and sympathetic with the memory limitations of others. It is unreason- 
able to tell a coworker or friend, in a five-minute period ten different 
things you want that person to do and expect him or her to remember it all 
without mistakes. When you have to give someone lots of instructions, а 
great deal of it should be in writing. One source of friction in personal 
relations and of inefficiency in job performance could be eliminated if we 
remembered that the capacity for learning 


ished less as 
than others have accomplished less a 


an make one more sensitive 


and memory is limited. 


LEARNING AND PERFORMANCE 


My seven-year-old daughter Ingrid | 
months ago. Abe, her five-year- 
his bed. On what basis do I 
children have or have not lez 
formance. However, there are important complicat 
learning and memory 

The most importan 


"arned how to make her bed a few 
old brother, has not yet learned to to make 
make such Statements regarding what my 
by observing their per- 
ions to inferences about 
e. H 
. Unless an organism 1S 
» We cannot infer the absence of learn- 
ing from the absence of ‹ 
опе day, I do not conc 
rather, that, for one r adopt that as a goal 
dependent person, and since I have 
tingent upon failure to make her bed, 


out to her that she has not made her bed will not necessarily 
lead her to do it. Since she sometim 


че £ | es wants to make her bed and does it, 
er failure to perfor s ther Occasions is m 


nishments con 


Ost reasonably inter- 
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preted as unwillingness to adopt the goal rather than as any deficiency of 
learning and memory. 

Abraham has never yet made his bed to any minimally satisfactory ex- 
tent, although he has made a couple of attempts at it. I think he had 
sufficient motivation to perform the task when he did try, so his failure 
represents lack of knowledge and skill. However, it is not safe to conclude 
that he cannot learn to make his bed. At his age he undoubtedly can, 
provided he is induced to adopt this as an important enough goal to keep 
working at. What a child (or any other organism) can or cannot learn is as 
much a matter of motivation as it is of cognitive (learning) capacity. 

Perhaps the most striking illustration for me of the importance of moti- 
vation for performance came in the area of toilet training. When Abe was a 
little over two years of age, he wanted very much to go to preschool with 
Ingrid. I told him he could go when he became toilet trained. Much to my 
surprise he adopted this subgoal with a dedication far beyond his years. I 
also promised him some very attractive toy should he become toilet trained. 
Thereupon, he began suggesting a host of other toys that he should receive 
if he became toilet trained. He talked continually about all the things he was 
going to get when he became trained, and it seemed to have a profound 
effect upon him, because he was completely trained in less than a month 
and remained trained for almost a year. Unfortunately, not wetting his 
pants ceased to be important to him, and he so regressed that for several 
years he did not achieve the same high reliability of performance that he 


had achieved as a two-year-old. 

Performance is also affected by attention. If an organism is not attending 
to the relevant cues, one cannot infer the absence of learning from perfor- 
mance failure. Mv children have been taught that they are supposed to 
close outside doors after they go through them. They can even tell you 
why: to keep the cold air out in the winter and to keep the bugs out in the 
summer. Their frequent failure to perform this task might be attributed to 
lack of motivation, but the task is very simple and when I draw their 
attention to the need to close the door, they are generally quite willing to do 
it. Likely as not, they are simply not attending to the relevant cues; they 
don't even notice that they have left the door open. If when I announce to 
them in a loud voice that dinner is ready and they do not come, the reason 
is probably not lack of appetite or failure to understand my words. Rather, 


they are so engrossed in what they are doing that they simply do not attend 


to what I am saying. | | 
Motivation and attention are the two processes that interact with learning 


to determine performance. We can infer the presence or absence of learn- 
ing and memory on the basis of performance only when we are satisfied 
that the organism is motivated to perform the task and is attending to the 


relevant stimuli. 
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Motivation is typically controlled in animal behaviors studies by manipu- 
lating primary drives such as hunger and thirst throug 
privation. If an animal that we know is ve 
turn in a T maze to receive food, it is rez 
perform the correct response was not based on lack of иа 
ling the stimuli that animals choose to attend to in a learning task is consid- 
erably more complicated, and performance 
tions is as much a matter of teaching 
it is of getting them to associate 
responses. 

Adult humans understand language 
to be cooperative with psychology experimenters, so controlling their atten- 
tion and motivation in an experimental situation is 
Hence, learning and memory 
formances of adult humans th 


h food or water de- 
ry hungry fails to take the correct 
asonably safe to infer that failure to 


in many animal learning situa- 
them to attend to relevant — 
these stimuli with each other or with 


and have generally been socializec 


rarely a. problem. 
is much more easily inferred from the per- 
an from those of either animals or children. 
It is more difficult to study cognitive and learning capacities in children 
than in either adults or animals, because the 

processes of children are more difficult t 


than those of adults, and because one 
physiological manipulations and measurements that one can with animals. 


In view of this, it is not Surprising that theories of learfing and cognition 
are more precise for adult human beings and animals than for children. 


: ‘ational 
attentional and motivationa 
© control by instructional on 
cannot do the motivational and 


MEMORY AND MEMORY TRACES 


The term memory has many different u 
usually refers to a conscious recollection of som 
psychologists use the term more broadly, to re 
changes in the nervous System that result from 
affect behavior, Conscious aw: 
attribute of a memory. 

There are man 


ses. In common parlance memory 
€ prior experience, but 
fer to a wide variety of 
experience and that can 
areness is not considered a critical defining 


psychological memory 
are physical memories, such as 


Psychological memor 
to provide clear exan 
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broaden perspective. Furthermore, it is now clearly established that there 
are several different modalities of psychological memory in the human 
mind, such as visual-spatial versus verbal memory. It is not known how 
many different types of memory exist in humans and lower animals, and I 
think it a mistake to prescribe tight definition of what to include or exclude 
in psychological memory. We shall consider a wide variety of learning and 
memory phenomena, and consider in each case the general principles that 
best explain the phenomenon in question, | 7 

What changes inside us when we learn things? Something must change if 
there is to be a systematic change in performance. The term memory trace 
refers to the change that occurs as a result of learning. The terms engram 
and memory state mean the same thing as trace. The terms association and 
habit are also sometimes used to refer to the change established by learning, 
but these terms make some assumptions concerning the nature of the 
memorv trace and so are not theoretically neutral. Use of the term trace 
assumes nothing more than that learning produces some change in an 
organism. In particular, it should not be taken to mean that memory is like 
a mark or groove that becomes deeper in learning and fades away in 
forgetting. Nor should it be assumed that E particular memory trace is 
located in a specific part of the brain. One of the fundamental issues in the 
physiological basis of memory concerns whether a spëcifig memory trace is 
produced by a change in a specific part of the nervous system or whether it 
is the result of changes that are widely dispersed throughout the nervous 


system. 


ACQUISITION, STORAGE, AND RETRIEVAL 


One of the most important distinctions in the analysis of learning and 
memory is between the three principal phases of the memory process: 
acquisition, storage, and retrieval. A memory must go through all three 
phases to have any psychological function. First, a Баса шан, be acquired 
(learned) as a result of some experience. In most ani of learning the 
terms acquisition and learning mean the same th ing. They will be used inter- 
changeably throughout this book. Acquisition is discussed in Chapter 18. 

The retention interval is the period between the end of learning and the 
time a memory trace is retrieved or used in some "^ The 0те phase 
concerns the processes that affect the memon d Бы unng the retention 
interval. Three different types of processes may affect memory traces in 
rehearsal, consolidation, and forgetting. We all know that memory 
traces can be consciously rehearsed in the retention interval. Such rehearsal 
is both a storage maintenance process and an acquisition process. Memory 
traces may also be unconsciously consolidated, though the existence and 
nature of such consolidation is the subject of some dispute. Finally, memory 


storage: 
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| ate 
traces are forgotten during the storage period because of | ia kokeen 
strength or because of a decreased accessibility. Such losses c "NN "s пв 
in memory strength or accessibility may be caused by decay, as a €: gn 
passage of time, or by interference. from prior or subsequent learning, 
both. We shall discuss these hypotheses in Chapter 14. 

A memory trace must be 
or behavior, and the proc 
psychological standpoint, we 
can be retrieved in some 
experience affects some 
time of occu rrence (late 
memory trace for that experience 
influence behavior. This is a ver 
not satisfactory to think of 
memory trace 


way that affects behavior. Whenever a i pipi 

| as the probability, amplitude, ve 
ncy) of some response in a situation, we infer ша » 
б must have been retrieved in some way is 
Y general interpretation of retrieval. ed lá 
retrieval as a mental analogue of finding * 
and bringing 
sume that retriey 
at retrieval involve 


somewhere 
used. Some theories 
theories argue th 


А я пнен to BE 
It Over to some other place { ын 
H "ecl-acces 
al is asearch process, but direct-d 

5 no search at all. 


Recall and Recognition 


Most studies divide retrie val into two basic 
recognition. The distinction between recall 
Same as the distinction between wh-ques 
which, and how) and yes-no que 
president of the United States?” 
John Kennedy the 
nition, Somewhat r 


categories: recall ae 
and recognition is essentially = 
tions (who, what, when, ae 
The question “Who was the fir: 
tests recall, 
first president of the 
more 
memory questions are 


50015. 


“Was 
whereas the question, W "а 
United States?" tests yes-no е 
ese yes-no (true-false) Ci pn n 
n recognition memory questions of the 
form “Who w of the United States: John Adams, 
George Washington, Ab 1nco'n, or John Kennedyz" Although this 
multiple-choice recogniti stion is srammatically a оче акау 
51515 put it in the class of recognition memory rather than recall. 


answers are explicit 


correct 
Y presented and the cor! 
answer need only be recognized, 


Memory for Names 
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capacity that they will rush 
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member. If it is really important to you to improve your memory for 
names, then you should first diagnose the nature of the problem. For many 
people the terms forget and memory refer primarily to the storage phase, but 
in remembering names the most common source of trouble is in the acquis- 
ition phase. Most people do not remember names because they do not pay 
much attention when they first learn them. 

As proponents of memory systems have pointed out, different ways of 
encoding the material at the time of acquisition have different conse- 
quences for the rate of forgetting in storage. If you attempt to learn a name 
merely by repeating it over and over, you will probably only remember it 
for a few tens of seconds after finishing your rehearsal. Such phonetic 
(auditory and/or articulatory) encoding of a name as a sequence of sounds 
is subject to a great deal of interference from all of the sounds that you hear 
and say during the time that elapses between when you first rehearse the 
name and the time that you are required to recall or recognize it. By 
contrast, you might think of a more m eaningful (semantic) technique for 
encoding the relationship between some characteristic of the person and 
the name, such as noting that Fred has red hair and that red is a portion of 
the name Fred. Such encoding improves retention of a name because the 
association will be less subject to interference. Changing the nature of the 
encoding may have a profound effect on the rate of forgetting during the 
storage phase, but the quality and quantity of the encoding are both parts 
of the acquisition phase. According to the present evidence, differences in 
memory are primarily the results of differences in the quality and quantity 


of initial acquisition. MM | 

Sometimes we can't remember names because of а difficulty in retrieval. 
For example, the cues at the time of retrieval may be very different from 
those at the time of acquisition, such as when we see people in very differ- 
ent contexts from those in which we originally met them. Another factor 
that appears to affect memory for names is an excessively high level of 
anxiety at the time of retrieval. If suddenly you have to introduce two 
people, the rush of anxiety you experience concerning your ability to re- 
member their names may interfere with retrieval. 


ENCODING OF EVENTS BY CONCEPTS 


An event in vour life is anything you experienced in some brief period. 
We cannot now say much about how long the time period is for a 
Psychological event, nor even whether psychological events are best consid- 
ered discrete or continuously merging into each other. Nevertheless, it is 
useful to consider life to be a succession of events, where an event is the 
totality of our experiences during some (undefined) period. 


To perceive an event, a human being must represent the event in some 
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manner in the nervous system. This representation is often rd m: _ 
the encoding of the event. Perceptual encoding occurs almost simu es 
ously at several different levels of the nervous syste е 

Sensory receptors to the highest levels of conce 
encoded at the periphery of the nervous system 
tactual, visual, and perhaps auditory and olf DIS A 
may also be encoded at a higher conceptual level as "Cindy likes id 
"Cindy loves me," "Cindy is leaving for work,” ete, Perceptual encoding о | 
specific stimulus at lower sensory levels is invariant. At higher conc ue 
levels it is much more variable, because it depends both upon context anc 
the memories of the perceiver. 

We can distinguish between 
memory, because memory tr 
levels decay or are interfe 
lished at the 
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ptual thought. A kiss is 
by activation of a set of 
factory sensory receptors, but it 


perceptual encoding and encoding Mus 
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red with much more 1 
central conceptual levels. A fe 
we have a fairly precise sensory memor al) 
we ususally retain only the higher-level, semantic (meaningful or conceptu: 1 
encoding of the event. Long-term retention of images also occurs, but sut у 
long-term image memory is generally rather abstract—not at all like а 
Sensory afterimage, for example. 
Under normal conditions encoding into memor 
simultaneously with the encoding that mediates 
thought. Indeed, memory traces m 
same places in the brain th 
and cognition. However, 
longer than peripheral ser 
Encoding in long-term 
categorical rather than 
attributes of events, Or 
selective 


rapidly than traces estab- 
1 Curs, 

w seconds after an event occur 
i 1 T Й ег 

У of its physical attributes, but lat 


y apparently гш 
perception, behavior, anc 
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at are responsible for pe 
as we said before, 
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memory is thus both abstract. (selective) and 
à complete and detailed record of all the sensory 
1€ reason that long-term memory is abstract may че 
of perception: we simply do not consciously 
that impinge upon our receptors. However: 
à cal nature of long-term memory is because ol 
the nature of the concepts 
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ASSOCIATIVE AND NONASSOCIATIVE MEMORY 


Memory traces can be classified as associative and nonassociative. The 
idea of associative memory has been around since Aristole. In this section 
we shall define associative and nonassociative memory and provide several 
examples of each type. 

Nonassociative memories are records of events that are encoded and 
stored in locations (cells, registers, boxes, and the like) in the order that 
thev occur. There are one-dimensional nonassociative memories, for ex- 
ample the columns of an IBM card, the successive. sections of magnetic 
recording tape, or the successive character positions in the lines of print in 
a book. There are also two-dimensional nonassociative memories, as in a 
table, chart, or picture. 

Associative memories are records of events that are encoded and stored 
by networks of nodes (internal representatives of events) that are con- 
nected with each other by means of associations. These associations may 
vary in strength and perhaps in other ways as well. Virtually every theory of 
associative memory has assumed that associative strengths are increased by 
the activation of two nodes close together in time. As we shall see, however, 
strength of association between two nodes can represent more than simple 
succession of events. А А 

Associative memories are found almost exclusively in the nervous sys- 
tems of living organisms, and it is very hard to find other examples. 
Imagine that you are studying the interactions of four people in a small 
group. The individuals are supposed to interact only in pairs, and you are 
recording how often various pairs interact. You could use a nonassociative 
memory for this interaction pattern, by recording all the events as they 
occurred in successive lines of your notebook by means of a conceptual 
notation such as CD, AC (meaning C and D interacted, then 4 and C 
interacted), and so on. Or you could use an associative memory such as the 
one shown in Figure 1-1. In this associative memory, you represent each 
individual only once. You record the frequency of interaction for each pair 
by adding to the strength of association between each node (represented by 
the picket-fence number on the line between each pair of nodes). | 

If all you ever want to know about this small group experiment is how 
often each pair of individuals interacted, this associative memory is very 
efficient. In acquisition (recording) you just add another mark on the ap- 
propriate line every time an interaction occurs. Storage is very economical, 
requiring only a part of one sheet of paper. In retrieval, it is easy to see how 
many times each pair interacted (that 4 interacted the most, etc.). But, if 
you want to know things that depend upon the exact sequence of events, 
such as whether D's interactions with C tended to precede, follow, or be 
unrelated to C's interactions with 4, the associative memory in Figure 1-1 
will not help. The basic purpose of an associative memory is to increase the 
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Figure 1-1. 


An associative memon 
(A, B, C, and D) 


individuals, and the picket-fence count on the lines (association) between each pair is the 
number of times those two individuals interacted 


y for recording the number of times each pair of individuals 
interacted in a small-group experiment. The four nodes represent the four 


efficiency of acquisition, storage, and particularly retrieval. 
ignores many aspects of the temporal sequence of events. 
The basic purpose of many nonassociativ 
exact temporal sequence of events; but one 
such memories at the time of retrieval to 
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€ what is called direct access to how often 4 and B 
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concept discussed in a book is not done in the book but in the mind of the 
reader. A book would be an associative memory if every concept that was 
used in it was printed only once, and connections (associations) were made 
in some way between these words so as to represent all of the sentences of 
the book. 

The index of a book is actually the only associative memory component 
of a book. The index lists many (but for from all) of the concepts in the 
book and records the page numbers where these concepts are related to 
other concepts. However, the memory for the exact relations between con- 
Cepts is by means of the sentences printed on a page. Such sentences are 
Stored in a purely nonassociative manner by a sequence of letter patterns 
impressed on an ordered set of locations on the page. 


Event Representation 
representation of an event is defined to 
bea particular set of patterns impressed upon any location in memory. The 
Patterns represent the concepts used to encode the event. It is rather likea 
Computer card, where each letter of the alphabet is represented by two 
1 of the card. For example, T is a punch in the 
О row and à punch in the 3 row. Just as the same T pattern can be punched 
into several different columns of a computer card, so there can be many 
identical pattern representatives encoded in ашегей locations in Los 
Memory (many tokens of the same type), as when the "same" event еси 
different times. If the same word occurs repeatedly in a tape тасаг ет 
Memory, each occurrence will impose (approximately) the same p non 
Physically different sections of tape. If human memory were Ше аре 
recording, one might imagine the pattern representation pi an ev ей eing 
Inpressed on the "current" location and the patterns for the next event 
being impressed on the "next" location, etc. As we shall see, human concep- 
tual memory is nothing like a tape recording. | domes 
In an associative memory, an event is represented by a particu Юю e 
(clement) or set of nodes. The nodes represent the concepts used м үс 
the event, The most important property of an associative inp: ist Е 
When the “same” event occurs at a later time, precisely ше sante node sh 
Node set is activated. This contrasts sharply with a een pen м been 
In which multiple token representations are impressed in p mut ent d 
tons when the same event occurs at different umes. An es memory 
t us achieves an important economy in the representation of ev ents: that 
time itself is irrelevant to the internal representation of an event. Of course, 
WO events are never exactly the same, SO “same” events are those that are 


Classified as equivalent by an organism. 
Fhis property of specific-element represeni 
almost precisely the same concept as the famous pr 


In a nonassociative memory the 


holes punched in any columt 


tation in an associative memory is 
inciple of specific nerve 
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energies formulated by physiologist Johannes Müller in the early 18004. 
According to this principle, it is not the pattern of firing of neurons Фа 
represents particular sensory ог motor events, but the specific nerves that are 
fired. The truth of this principle is now well established for the peripheral 
nervous system. Any stimulation of the auditory nerve will produce the 
sensation of sound, and no stimulation of the auditory nerve will produce 
the sensation of seeing or feeling, nor will it produce a grasp or a kick 
(except indirectly, after processing by the central nervous system). © 
Neurophysiologists have recently extended the evidence for the specific 
element theory of neural encoding to more central levels of the nervous 
system. As a result of the pioneering work of Hubel and Wiesel, we know 
that single neurons in the visual cortex respond vigorously to simple pat- 
terns of visual stimulation.? These patterns include lines (edges and slits) 
and angles presented at specific orientations over a range of locations in the 
visual field. Some simple cortical neurons appear to encode a simple con- 
junction of lower-level features, namely, light or dark spots in a straight 
line. Other, more complex cortical neurons encode a disjunction of con- 
junctions of specific features. That is to say, these complex line detectors 
require input from a set of lower-level spot detectors that lie on a straight 
line, but any linear set of spots oriented at the same angle over a range of 
possible locations will activate the neuron. Such a complex visual line con- 
cept computes a logical function of the form: (4, and A, and... and An); 
(B, and B, and . . . and By), to (Z, and Z, and . . . and Zj), where the As are 
the attributes (features) in one conjunction, the Bs the attributes in another 
conjunction, etc. In this way, higher-level neurons stand for logically com- 
plex combinations of lower-level neurons, but in a way that is still based on 
the principle of specific-neuron representation formulated by Müller over 
à century and a half ago. The same specificity holds for motor systems. 
Activation in some central motor units is strictly correl 
formance of certain motor movements, ev 


movements such as walking, 
and the like.? 


ated with the per- 
en specific complex sequences of 
eating, spitting, incubation of. eggs, attacking, 


Motivation also appears to use specific-element representation.* 
tion of specific brain centers 


food-seeking behavior; thirs 


Activa- 
produces hunger, as evidenced by eating and 


t, as evidenced by drinking and performance 


‘See RJ. Herrnstein and E.G. Boring (eds.), 4 Source Book 
Cambridge: Harvard University Press, 1968, pp. 26-33. 

*D.H. Hubel and T.N. Wiesel, "Receptive Fields, Binocular Interaction and Functional 
Architecutre in the Cat's Visual Cortex." Journal of Physiology, 1966 (160), 106-54. D.H. Hubel, 
"The Visual Cortex of the Brain." Scientific American, Nov. 1963 (209), 54-62. 

*P.M. Milner, Physiological Psychology. New York: Holt, Ri і а i 5 . 
82:09, cxpeciall) pa. ) 4 » Rinehart and Winston, 1964, pP 

‘Ibid., pp. 297-377. J.A. Deutsch and D. Deutsch, Physiological Psy, M: 
Dorsey Press, 1973, pp. 406-11, pp. 587-640. жк чы iind: d 


in the History of Psychology. 
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of learned responses to get water; sleep as evidenced by ZZZ. Stimulation of 
the satiation center turns off hunger. Some years ago Olds and Milner 
discovered "pleasure centers" in the brains of rats. When these centers 
were stimulated electrically, the rats experienced such great pleasure that 
they learned to perform responses for the reward of electrical stimulation 


of these pleasure centers.? 


Retrieval: Search versus Direct Access 


In computer terminology the representation of events in a nonassociative 
Memory is said to be location addressable, because one can go directly to a 
particular location. One cannot go directly toa particular event representa- 
tion. To locate a particular event representation in order to answer ques- 
tions such as whether the event ever occurred before or what the next event 
Was, one must serially (successively) search through all the locations in 
Memory, Searching for such a representation in a large location- 
addressable memory can be very time consuming. Digital computers typi- 
cally use nonassociative, location-addressable memories, though associative 
Memories can also be programmed to some extent. — | 

In an associative memory. presentation of an event is assumed to directly 
“cess (activate) its internal representation (node). When the same event 
Occurs again, the same nodes are activated (directly accessed). It is not 
Necessary to do any serial searching of locations for the internal representa- 
у must with а location-addressable memory. In the 
a line segment of a certain length and 
Ласе in the visual field will be 
ilus. The connections from the 
al spot nodes to this line seg- 


ES Of that event, as one 
. "ID, a neuron that represents ie 
angular orientation located at a specific Г 
directly activated by the appropriate stimu 
ne Propriate combination of lower-level visu € 

"t node are already wired into the nervous sy р. , " 

In computer terminology, an associative memory Is о ten re erred to ds 
Content addressable. because one can employ a program ш conjteiction with 
the same location-addressable hardware to permit diet access to а 1оса- 
ton with a particular content. Even with the high search-speeds charac- 
teristic of modern digital computers, it is clear that to apply computers to 
formation storage and retrieval on arge scale, it is essential to de- 
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the large number of elements (about 10!9 neurons) and үрне авта 
10* per neuron in the cortex) and a substantial degree of pue La 
taneous) information processing. Computer systems have a smaller 
number of elements, a very limited degree of connectivity between the 
elements, and almost exclusive reliance on serial (successive, ME mgri 
processing, but they have a vastly higher speed of operation than the 
human nervous system. 


Hybrid Memories 


We are not likely to see rapid development of computer memories that 
are fully associative in the way that the human nervous system is. What does 
appear to be feasible is a sort of hybrid, a combination of | 
nonassociative memories in the following form. Information (say in a 
document) will still be stored in some nonassociative manner (probably 
graphic storage similar to a photograph or microfilm), but each document 
will be indexed by a large number of terms, and any of v 
tions of indexing terms will provide 
through a sorting tree that is a 
But because the document will not be fully indexed by the associative 
memory, there will always be some types of search that c 
by means of the direct-access, associativ 


System, that will have to be done by 
locations. 


Some memory psychologists talk as if human conce 
sort of hybrid character when the 
cabinet, or when they make 
accessible information. The 
formation, but other inform 
been stored somewhere in the system. However, 
search of terminal locations of the sorting 
to retrieve such available, but not 

For example, let's assume that you want to buy a house 
a real estate agent who has stored the 


scriptions of some 50,000 homes 
Naturally 
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associative and 
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: geographical regi a Е Е f 
geographical region, a r of bedrooms, number 


of rooms, price, presence or absence of fireplace, swimming pool, etc. By 
choosing the proper retrieval cues you can have direct access to exactly the 
set of homes that meets your Specifications: three bedrooms, 
$40,000-$50,000 price range, fireplace, in any of three geographical reg- 
tons. However, not all the attributes that are important to you ‘come lot 
as opposed to a lawn, acoustic separation of the bedrooms from the rest of 


mount of land, numbe 
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the house, etc.) have been used to index the home descriptions. To deter- 
mine which house meets al] your specifications, you have to look at the 
entire set of homes that the computer said met your other specifications. 


Conceptual Memory is Associative 


We do not know whether human memory is fully or only partly associa- 
tive, but most evidence supports the hypothesis that it is at least partly 
associative, and not at all like a tape recording. If you ask yourself, "What 
did I do on May 3, 1971?" or "What do I know about science?" very little of 
What you know comes to mind, but you do know the answers to an enor- 
mous number of more specific questions. Human conceptual (semantic) 
memory involves associating particular concepts, events, facts, and princi- 
ples with each other, but to retrieve information you must give your mem- 
ory fairly specific cues. You cannot look through it as if it were a movie, 
with everything stored in chronological order, ora filing cabinet, with all 
the information about any given topic stored ina specific folder. Your 
memory makes an enormous number of very specific cross-classifications in 
in a rich network of associations. The evidence supporting the associative 
nature of human conceptual memory is discussed in detail in Chapter 9. 


Examples of Nonassociative Memory 

Most human memory is associative, but some kinds are nonassociative. 
For example, the visual sensation in your eye persists for a time following 
termination of the visual stimulus. This is called persistence of vision, and it is 
what helps to make a movie appear continuous when in reality it is a 
rapidly-presented series of discrete pictures. Persistence of vision typically 
lasts for only a small fraction of a second, but when a very bright stimulus is 
presented against a dark background the visual memory can last for several 
Seconds. Regardless of how long it lasts, persistence of vision is a nonas- 
Sociative memory, because a pattern of stimulation is impressed on a loca- 
tion, but no associations are formed between the same patterns or between 
related patterns in different locations. SAE | 

Another example of nonassociative memory 15 visual adaptation. When 
you enter a dark movie theater, you may experience some difficulty in 
Seeing, depending on how dark it is and how bright it was outside, but after 
some time in the dark you can see much more clearly. This gradual en- 
hancement of your ability to see under dim illumination is called dark 
adaptation. If it is still daylight, when you leave the theater, you may be 
temporarily blinded by glare. Your subsequent adaptation to more brightly 
illuminated conditions is known as light adaptation. | 

Light and dark adaptation are not usually considered exam ples of learn- 
ing, but they clearly fall within our earlier definition of learning as "some 
change in the functioning of the nervous system as a result of experience." 
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In this case the changes are relatively short-term, on the order of tens of 
seconds to minutes, and are surely restricted to the visual sensory system; 
but inasmuch as other forms of strictly sensory changes such as persistence 
of vision are now considered within the broad scope of learning and mem- 
ory, there seems no reason to exclude adaptation from this category. The 
broad view provides useful perspective on the differentiating properties of 
other forms of learning, and therefore is extremely useful in increasing our 
understanding of all forms of learning and memory. | 
Persistence of vision and sensory adaptation are nonassociative memories 
because they are produced by changes in the state of activation or sensitiv- 
ity to activation of some elements (nodes) in the system. In this case the 
changes are probably largely in the receptor elements (rods and cones) OF 
neurons in the eye. It is primarily the nodes themselves whose characteris- 
tics have changed, rather than the connections ( 
nodes. A more detailed discussion of sensory me 


Chapter 8, together with the evidence for classifying 
a nonassociative memory. 


associations) between 
mory is presented in 
persistence of vision as 


CHUNKING AND VERTICAL ASSOCIATION 


Associations between concept nodes that alrea 
meanings can be called horizontal associations. For example, the concept 
nodes in Figure 1-1 have an established meaning: they represent the indi- 
viduals in the small group. The horizontal associations provide additional 
information about these individuals—who they interact w 
frequently—but the referential meaning of each node (that 
node represents) has been specified independent of the 


of these horizontal associations. In classical Pavlovian conditioning a tone 
(conditioned stimulus, or CS) regularly preceded a shock (unconditioned 
stimulus, US). Pavlov assumed that this strengthened a ho 
tion from the CS node to the US node in the 
ing of this horizontal association allows th 
node when the CS node is activated and therefore to predict the occurrence 
of the US. Presumably strengthening such a horizontal association does not 
change the referential meaning of either the CS or US node 
represent the same events. 

In addition to horizonta 
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concepts) into a single new element, called a chunk. The clearest example 
of chunking given by Miller concerns the recoding of binary numbers into 
decimal numbers. The binary system uses only the digits 0 and 1, and 
recoding from binary into decimal (or octal) works as follows: 000 = 0, 001 
= 1,010 = 9,011 = 3, 100 = 4, 101 = 5, 110 = 6, 111 = 7. This system 
recodes three symbols (chunks) into one symbol (chunk), thereby reducing 
the number of chunks but preserving all the information. Subjects in a 
memory span test were required to recall a sequence of binary numbers. 
Those who knew how to use the binary-to-decimal recording scheme nearly 
tripled their memory spans. Miller pointed out that memory span is 
primarily a matter of the number of chunks we can recall, regardless of the 
amount of information contained in each chunk. 


Concept Learning 


We use the chunking process whenever we attach labels to new events, 
concepts, or sets of concepts. The dictionary contains. hundreds of 
thousands of words whose meanings can be expressed with phrases or 
sentences of other words, but the single-word designation is more efficient. 
Mathematicians and scientists frequently invent new concepts to stand for 
long sequences of previously defined concepts. This practice is essential for 
the codification and manipulation of complex subject matter. 

The ability to define a new concept to stand for a combination of previ- 
ously defined concepts appears to require an extension of associative mem- 
огу. One possible theory assumes that associative memory contains a large 
pool of previously unspecified elements (nodes), each of which has weak 
Connections to other elements. When one attempts to chunk a set of these 
nodes, one unspecified node will have maximum strength of direct or 
indirect connection to this set of already defined nodes. This new node will 
be maximally activated by the simultaneous activation of its constituents, 
and the strength of association from these constituents to the new chunk 
"ode will be strengthened by this simultaneous activation. In this way a new 
clement of the system can come to stand for some combination of old 


elements. 


Such an association of component nodes to a superordinate chunk node 


is vertical association, and it is a different process from the more common 
LS. 2 ы 1 

horizontal association in which already defined nodes are associated to each 

Other by contiguous activation. An example of vertical vs. horizontal as- 


Sociative encoding is shown in Figure 1-2 for the word cat. mu 
A chunk node also serves as an intervening node, in that it indirectly 
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Horizontal Vertical 


Figure 1-2. Horizontal versus vertical associative memory for the word cat. In the horizontal 
associative memory the associations encode the ordering of the letter constituents. In the 
vertical associative memory the associations encode the constuency (part-whole) relation be- 
tween the word and its component letters, which in eff 


ect defines the word node as the combi- 
nation of its letter constituents. 


connects the nodes being chunked. 


enormous number of nodes that represent all the concepts and principles 
we learn, and it seems unlikely that every pair of nodes has a direc 
connection between them, but instead that two memory nodes generally 


require indirect connection through at least one intervening node. Chunk 
nodes make these indirect connections and have other 
well. 

Genetically specified vertical associations ar 
Sociative memory. As we discussed prev 


the visual cortex appear to be specified by associations from a linear set of 
lower-level spot detectors. The more 


of these spot detectors that are acti- 
vated by visual stimulation, the greater the activation of the higher-order 
line detector via the vertical associations. The assumption of learned vertical 
associations established by the chunking process simply extends this notion. 
Since the number of concepts (chunks) that human beings appear capable 
of learning appears to be infinitely large, it is clear that we cannot have 
innate specification of every node. However, since the number of concepts 
we do learn is finite, we may assu 


r me specification of nod 
the chunking process is one plausible w 


Human memory probably has an 


useful properties as 


e an important part of as- 
iously, the simple line detectors in 


es by learning, and 
ay to accomplish it. 


Semantic memory 


In addition to explainin 
ing, chunking and vertica 


7J.R. Anderson and G.H. Bower, Human Associative Memory. 
1973. W.A. Wickelgren, "Subproblems of Semantic Memory: A 
Memory" (by J.R. Anderson and С.Н. Bower). Journal 
243-68, | 


Washington, D.C.: Winston. 
Review of Human Associative 
of Mathematical Psychology, 1976 (13). 
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concepts, which are often signalled by single words (dog, he, run, blue, in) or 
short phrases (the girl, a boat), form the basic nodes of semantic (meaning- 
ful) memory. Our knowledge of the world requires the encoding of these 
elementary concepts into higher-order combinations or conceptual 
compounds (signalled by phrases such as in Amazon Park, hit the ball, slid 
downhill, etc.) and propositions (signalled by clauses and sentences such as 
Ingrid often plays in Amazon Park, Abe hit the ball, etc.). In this section we shall 
jrizontal associative minimemory with a vertical associative 


compare a hor 
minimemory for two propositions. x 

A simple horizontal associative memory for two propositions (Sharks live 
in seas, sunfish live in lakes.) is illustrated in Figure 1-3. The memory in 
Figure 1-3 is associative because every concept 15 represented by one 
specific element. It is horizontal because the contiguous concepts in each 
sentence have horizontal associations between them (represented by ar- 
rows). Such a horizontal associative memory is inadequate because it is 
interference. For example, we could just as easily 


Subject to associative 
(Sunfish live in seas, Sharks live in lakes) as the 


retrieve the false statements 
correct ones. 

The vertical associative memory illustrated in Figure 1-4 uses specific 
ary concepts, significant conceptual compounds 
;. and for the propositions themselves. Associ- 
ations are used to encode the constituents (components) of higher-order 
nodes, rather than to encode temporal sequence. To retrieve a proposition 
from this network, one starts at a propositional node (one that has only 
d retrieves its subject and predicate constituents, then 
retrieves their constituents, and so on, until one reaches the elementary 
Concepts. (One also needs some simple grammatical Fulks to achieve the 
desired sequential ordering of the concepts, hut this isa secondar y problem 
and beyond the scope of this text.) The important thing 9 Bore is the way 
this vertical associative memory reduces associative interference in retrieval 


nodes to represent element 
(phrases) in both propositions, an 


incoming arrows) an 


ы horizontal associative memory for t 
Figure 4- ч nd inadequate) example of a ry wo 
куза ле represented by specific elements, and the sequence of concepts is 


represented by unidirectional associations (arrows) + 
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LJ 
Figure 1-4. A vertical associative memory for two propositions. Elementary concepts and 
higher-order concepts (phrases and Propositions) are both represented by specific elements. 
Vertical associations are used primarily to encode 


the components of a higher-order concept 
rather than to encode temporal sequence. 


and thus permits only correct Propositions to be 
The concepts of ch unking and of associative ve 
ory are central to an understanding of a wide 
memory phenomena, from human semantic m 
learning mechanisms of Sensitization and habituati 


retrieved from memory. 
rsus nonassociative mem- 


DIMENSIONS OF LEARNING 


y we have considered so far—(the fully associa- 
cteristic of human conceptual memory and the 
acteristic of visual adaptation and persistence of 

greatest functional differences. Most memory 


tive memory system chara 
nonassociative system char: 
vision) have perhaps the 
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lies somewhere between these extremes. Sometimes it is impossible to make 
behavioral distinctions between changes in the degree of activation or 
fatigue of elements and changes in the strengths of connections between 
elements. Consider a simple nervous system consisting of a set of straight- 
through reflex connections, that is to say, a series of one-to-one associations 
between sensory neurons and motor neurons. If there is but one sensory 
neuron that can activate a particular motor neuron, a change in that motor 
neuron's state of adaptation (fatigue) could be functionally indistinguish- 
able from a change in the strength of the connection between the sensory 
neuron and the motor neuron. ; mE 

As nervous systems increase in complexity, and genetic specification re- 
laxes its tight grip on the control of behavior, a greater variety of learning is 
possible and the functional differences between changes in elements and 
Changes in connection become more visible. In the rest of this chapter we 
shall discuss several concepts that are important for understanding the 
different types of learning that we consider in other chapters. 
Emission and Omission 
in which a particular response or set of re- 
Sponses is increased in frequency as the result of a leering experience. 
That is, the learning increases the frequency a ed. n бушай 
training a particular response or set of responses dca men o RR as 
a result of the experience. Rewarding a me uae d ve sein каш, and 
punishing a response is omission training. Rew * ing the Suppi pens m" a 
response is also omission training, while punis hing an organism unless it 
makes a response (escape and/or avoidance) is emission training. 


Emission training is learning 


Appetitive and Aversive 

The occurrence and suppression of a response can both be reinforced by 
m with some positive reward. Such positively moti- 
vated or rewarded learning is called appetitive, (ош. the word appetite), 
because the motivational system involved in the — cuc ym is a positive 
appetite or desire to achieve some goal. Learning гаша dim gps by 
the desire to avoid negative consequences, such as ext eme cold, сука pain, 
fear, and the like. Such negatively motivated lear ning is ferme aversive. 
The relation between motivation and learning is very important, and Chap- 


ters 5 and 6 will be devoted to this topic. 


providing an organis 


Contingencies 
(learning) that result from the repeated 


Ch Е nervous system J : : 
anges in the e-contingency learning) are simpler 


Occurrence of a single event (singl 
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forms of learning than changes that require the combined (paired or corre- 
lated) occurrence of two different events (two-contingency learning). Re- 
peated presentation of a single stimulus may produce habituation, which is a 
reduction in the probability of a reaction to the stimulus. Repeated presen- 
tation of other kinds of stimuli may excite the organism and so increase the 
amplitude or the probability of a reaction to a subsequent occurrence of the 
same stimulus or to a wide range of other stimuli. This process is called 
sensitization. Habituation and sensitization are examples of single- 
contingency learning in that they depend or are contingent upon the oc- 
currence of single events. 

By contrast, classical conditioning is two-contingency learning, because it 
is contingent upon the combined occurrence of two events. In classical 
conditioning a conditioned stimulus (CS), such as a tone, is presented just 
before an unconditioned stimulus (US), such as food placed in the mouth. 
which innately evokes an unconditioned response (UR) 
tion. After a number of pairings of the CS and US, 
strates that it has learned the association betw 
forming a conditioned response (CR) to the 
this case the CR would also be salivation, 
URs. 

Acceptable demonstrations of cl 
control groups to be sure that the 


‚ in this case saliva- 
the organism demon- 
een the CS and US by per- 
CS in the absence of the US. In 
but not all CRs are identical to 


assical conditioning require the use of 
changes observed in the probability of 
the CR in response to the CS are not the result of single-contingency learn- 
ing from either repeated presentation of the CS alone (habituation control) 
or repeated presentation of the US alone (sensitization control), Sometimes 
it is desirable to have a combined habituation and sensitization control 
group that receives both the CS and US as often as the classical conditioning 
group, but in an unpaired manner—that is, the CS does not regularly 
precede the US by a short fixed time. Table 1-1 illustrates the classical 


conditioning, CS habituation, US sensitization, and unpaired control 
groups. 


А st make а response 
(pressing a bar) to ai У 3 ; ‚г 

р 8 7 еб three contingencies 
'cement. In instrumental 


conditioning, the 
8, low the response reason- 


hapters 2, 3, 4 
| the number of « 
arning that depend upon a sir 
rms of two-contingency 


‚ and 7 are roughly 
ontingencies. Chap- 
ngle contingency OF 
learning. Chapters 3 and 


measured by 
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Table 1-1. A small sample oí the sequences of events for a classical conditioning group and 
three control groups: H (habituation) of the original response (not the CR) to the CS owing to 
repeated presentation of the CS (which might be accompanied by sensitization of the CR to the 
CS). S (sensitization) of the CR to the CS owing to repeated presentation of the US, and the 
explicitly unpaired control group. which receives both the CS and US as often as the classical 
conditioning group. but in an unpaired manner, so that the CS does not predict the US. To 
demonstrate classical conditioning, it must be shown that the contingent (paired) occurrences 
of two events, the CS and the US, produce a greater increase in the frequency of performing 
Some CR to the CS than the occurrences of either single event or the unpaired (noncontingent) 
occurrences of both events. 


Group Training Events Test 
Classical 

Conditioning CS US CS US CS US ... cs 
H Control cs es cs MN CS 
S Control US US US Cs 
Unpaired Control US CS CS US US CS ... е 


4 consider classical and instrumental conditioning, which depend on two or 
three contingencies. Chapter 7 considers the most complex forms of learn- 
ing demonstrable in animals other than human beings. 


Temporal Contiguity 


Temporal contiguity has to do with how close together in time events occur, 
The degree of temporal contiguity of two events is important only for those 
types of learning that involve two or more MAE ca Most forms of 
assocsative learning are greatly facilitated by a high degree of temporal 
Contiguity, but some forms of associative learning are vastly less fussy jës 
garding temporal contiguity. No form of truly Vr diosa d ning is totally 
independent of temporal contiguity, but some for ins produce strong as- 
SOciations even when there are delays between the two contingencies on the 


Order of hours. A notable example of this is the development of food 


preferences and aversions based upon pleasant or unpleasant consequ- 


ences following ingestion. 


Generality and Preparedness 

any set of two or more contingencies up to 
the unknown learning capacity of human beings can m be as- 
Sociated, probably by use of vertical chunking таана р Not all pairs of 
Events are equally easy to associate, but human rni ae ie у appears 
to have the capacity to associate any concept with any other concept. This 
does not mean that humans are capable of associating any two elements in 
their nervous systems. The associative generality principle of human concep- 


In human conceptual learning 
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tual associative memory probably does not hold for lower-level Pp 
motor, emotional, and autonomic learning. Furthermore, ue qe е 
that any node іп the conceptual memory system can be assoc q^ Pi 
other node does not imply that the mind can form associations Bt un wem 
complexity, or that it can form associations that are in due ue лы 
ing, such as where the learning of one requires the unlearning " isum “A 
ing of another. Even so, human conceptual memory M kom ^ - ч 
enormous degree of generality in its capacity to associate, because ther BA 
within it little innate bias for learning particular associations and not е 
Ву contrast, as Garcia, Seligman, Bolles, and others have oe an 
virtually all forms of animal and lower-level human learning show subst 
tial amounts of preparedness or readiness to learn some 
contrapreparedness for others.* Both human beings and 
cially prepared to associate the tastes and odors of ne 
We are not so prepared, and many animal species 
associate various environmental cues with subsequent nausea.” The most 
highly prepared associations are but one step away from conversion sili 
the organism's genetic specification. An organism whose connections are 
not totally set genetically can exhibit some 
ing environments even whe 
greatly restricted. The phylogenetic development of lear 
to do with an increase in the degree of interconnectic 
nervous system and a greater 


tions, which means a low 
associations. 


associations and 
animals are espe- 
w foods with nausea. 
are contraprepared, to 


flexibility in adapting to chang- 
n the potentially learnable associations are 
ning capacity has 
n of elements in the 
generality of potentially learnable associa- 
er degree of preparedness to learn particular 


Critical Periods 


Most forms of learnin 


§ can occur throughout the life of the organism 
(though learning is usual 


ly poorer in very young and very old organisms). 
but some forms of learning are greatly facilitated when they occur during 
certain critical periods. The best-known example of this is imprinting 10 


baby chickens, ducks, and geese. A day or so after birth the young bird will 
look for, be attracted to, and follow 


virtually any moving object in its envi- 
ronment. Typically this is the mother, but if the mother is absent, the 
her object or organism, and thereafter 
object or organism. This type of learn- 


young bird will imprint on some ot 
will continue to be attracted to this 


8J. Garcia, В.К. McGowan, and 


A.N. Black and W.F, Prokasy (eds.), Classical Ci 
Englewood Cliffs: Prentice-Hall, 1979. M. 


K.F. Green, "Biological Constrain 


ts of Conditioning." 1 
onditionin 


ng П: Current Theory and Research- 

Seligman, “On the Generality of the Laws of Learn- 

ing. Psychological Review, 1970 (77), 406-18. R. Bolles,“ Species-Specific Defense Reactions and 

Avoidance Learning.” Psychological Review, 1970 (77), 32-48. Also see M.E.P. Seligman and J-L- 

Hager (eds.), Biological Boundaries of Learning. Englewood Cliffs: Prentice-Hall, 1972. Я 

“J. Garcia and R.A, Koelling, "Relation of Cue to Consequence in Avoidance Learning- 
Psychonomic Science, 1966 (4), 193-94. 
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ing occurs during a very limited critical period following hatching, and is 
difficult or impossible to produce or to reverse at any other time. 

Critical periods that are like if not the same as imprinting may take place 
periodically throughout the life of an organism. For example, the digger 
wasp appears to make a careful visual survey of its burrow-nest each time it 
leaves.!? If a distinctive visual stimulus, such as a ring of pine cones, is 
placed around the nest and then is moved a short distance away after the 
wasp leaves, the wasp will return to the ring of pine cones rather than to the 
original nest location. If this is imprinting (and it is not clear that it is), then 
the critical period occurs every time the wasp leaves the nest. Such critical 
periods might be referred to as triggered. In this case the triggering could be 
from either the central motor program that controls leaving the nest or the 


stimuli associated with leaving. 


Dynamics 

It is important to know how quickly a particular type of learning is 
forgotten —within seconds, minutes, hours, days, months, or years. It is also 
important to know the subsequent experiences that экеге ог retard 
forgetting. Thus, the laws and rates of storage dynamics (forgetting) and 
the dynamics of learning and retrieval are important for distinguishing 


different types of learning. 


SUMMARY 

l. Memory has limited capacity. Quality of knowledge should be em- 
phasized more than quantity. | | 

2 Learning is measured by changes in performance, but performance 

А а ) 

depends on motivation and attention. | 

3. Memory trace refers to any change in the nervous system that is a result 
of some learning experience. " | 

4. The three phases of memory are acquisition (learning), storage (reten- 
tion jr lee by rehearsal, consolidation, and forgetting), and re- 

as 

trieval (recognition and recall). 

5. Events are encoded in long-term memory by means of general con- 
ce irs pie by recording all the sensory-motor details of our experiences. 

6 td | уа memory consists of a set of locations that contain the 
кекорай the concepts used to encode an event. Temporal 


"Uber der Orientierung des Bienenwolfes (Philanthus trian- 


5 immter Wegmarken. Z. vergl. Physiol., 1938 (25), 
Soga Fabr." aT Die Безе йип D ariens of the Optical Orientation in Philanthus 
oF - G. van Beusekom, 


Triangulum Fabr." Behavior, 1948 (1), 195-226. 


SIN. Tinbergen and W. Kruyt, 
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order is represented by storing the events in a fixed order of locations. 
Locations are directly accessible, but acce ng (finding) events or con- 
cept representations generally requires a search of some set of loca- 
tions. 


An associative memory consists of a set of elements (nodes) each of 
which is the unique representation of a concept. An event is repre- 
sented by activation of a set of nodes. Event representations are directly 
accessible, obviating the need for search in most cases. 

Chunking is the formation of vertical associations to specify a new 
node—the chunk node—that represents a combination of old nodes. 
Chunking may be an essential part of concept learning and may play an 
important role in the Way we represent propositions in semantic mem- 
ory. 


Some important concepts used to analyze and classify types of learning 
include: 

(1) whether the learning is emission or omission tr 
the motivation is appetitive (positive) or aversive (negative), (3) the 
number of contingencies (events upon which learning is contingent), 
(4) the degree of temporal contiguity (closeness in time) of contingent 
events when two or more contingent events are required, (5) the pre- 
paredness of the organism for some type of learning, (6) the depen- 
dence of learning on a critical period, and (7) the dynamics (rate) of 
learning and forgetting. 


aining, (2) whether 


2 Prepared Learning 


OBJECTIVES 


l. To describe the following single-contingency types of learning: (1) 
an increased tendency to emit certain responses, largely to 
mild warning signals), (2) habituation (a reduced tendency to emit cer- 
tain responses to mild warning signals), (3) imprinting (the attachments 
that young birds form to parents during a critical period shortly after 
hatching), and (4) prepared sensory-motor learning such as pecking or song 
learning in birds. | 

hether these forms of single-contingency learning are 
ative, concluding tentatively that even sensitiza- 
y result from changes in the strength of 


sensitization ( 


2. To discuss w 
associative or nonassoci 
tion and habituation probabl 
associations. 

З. То demonstrate that an ог i t 
preparedness (readiness) for different types of аір, | 

4. To describe in some detail how organisms acquire aversions and pref- 


erences for food. 


ganism can exhibit substantial differences in 


In this chapter we look at some of the most tightly constrained types of 
habituation, imprinting, prepared sensory-motor 
learning, and prepared conditioning. Sensitization, habituation, imprint- 
ing, and some highly prepared sensory-motor ep are types of learn- 
ing that depend upon the occurrence of a sing а event or contingency 
rather than on a pairing or correlation of two or i жхецон Single- 
contingency learning almost necessarily exhibits a puc erable degree of 
Benetic constraint (preparedness) —that i ve vulva certain. types; of 
events produce the changes in behavior, and only a restricted range of 
behaviors can be affected by the learning process. In highly prepared as- 
Sociative learning, organisms have been Беан bussed = learn сыныш 
types of associations, and the role of experience 15 limited to the differential 


learning: sensitization, 


90 
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strengthening or weakening of one out of a restricted range of possible 
associations. 


SENSITIZATION 


You are walking through an old, abandoned house that is full of cobwebs 
and spiders, and you feel a light tickle on your car. Perhaps it is your own 
hair, but if, like many people, you are somewhat afraid of spiders, you will 
probably make a startle response—perhaps a swipe at 


your ear with your 
hand. The same stimulus in your ow 


n home or on a city street would not 
evoke such a reaction. This effect of environmental stimuli to enhance the 
probability or magnitude of particular reactions is an elementary learning 
process called sensitization. Much sensitization is short term: you would not 
be likely to exhibit the same startle reaction an hour | 


home, but you might still exhibit the reaction five minute 
old house. 

Sensitization refers to an increase in the fre 
response to a stimulus as 
stimulus or, more frequentl 
cally demonstrate sensitizat 


ater in your own 
s after leaving the 


trical shock to an organism will 
arousal reactions, orienting reac- 
reactions to sudden, but neutral, 


unding factor that must be 
g. In classical conditioning the pairing of 
5 (CS), such as a tone, with an unconditioned stimulus 
he conditioned response (СА), 
ulus. However, to demonstrate 
or must result from a pairing of 
are necessary, not one. Sensit! 


Was presented, independent of i 
€ 5 15 necessary to include a Sensitization control condition, by pres- 
enting the US —the shock—many times without pairing it with the CS. Опе 
must show that the paired CS-US iti 

Or a different magnitude or fre 
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tion of the US alone. Sensitization within a classical conditioning paradigm 
is frequently referred to as pseudoconditioning. 

Sensitization in one form or another can probably be demonstrated in 
virtually every species of the animal kingdom, including single-celled or- 
ganisms. Of course the mechanisms that produce sensitization in animals 
that do not have nervous sytems must differ from the mechanisms that 
produce sensitization in animals with nervous systems. Furthermore, nerv- 
ous systems of different complexity and basic structural organization may 
also have different sensitization mechanisms. 

Nevertheless, it can be very instructive to study sensitization in lower 
Species whose simpler or more accessible nervous systems permit more 
precise study of the neural mechanisms underlying the phenomenon. The 
work of Eric Kandel and his colleagues on the functional properties and 
neural mechanisms of sensitization and habituation in the sea slug Aplysia is 
of particular interest. Pinsker, Hening, Carew, and Kandel investigated the 
siphon withdrawal reflex in response to light touch.' They demonstrated 
that the duration of this defensive reflex could be substantially lengthened 
by the repeated prior presentation of electric shock. Administration of 
electric shock four times a day for four days produced sensitization effects 
that were still present three weeks after the end of shock administration, 
Retention of sensitization did decline progressively from one day to one 
week to two weeks, but there was still some sensitization of the reflex after 
three weeks, indicating very long-term retention under these conditions. 

A reflex might be sensitized through an effect on the sensitivity of the 
Sensory or motor neurons, and not on the connections heimen them. In a 
System with only one-to-one Connections between sensory and motor 
neurons, such effects would be indistinguishable from the effects on the 
efficacy of connections. That is to say, if the only function of some sensory 
neuron is to signal a response, then a change in the sensitivity of that 
neuron or its rate of background firing cannot be distinguished function- 
ally from a change in the efficacy of its connections to — response 
unit. Similarly, for a motor unit whose only input MEM тота а single 
Sensory neuron, a change in the sensitivity of P s neuron oF its 
background firing rate is functionally тайыш able from vs changes 
in the strength of connection from the sensory neuron to the motor 


neuron, 

However, whenever 
vergence of connections W 
functionally distinguish ch 1 
changes in sensitivity or rate of firin 


there is a greater degree of convergence and di- 
ithin some nervous system, one can in principle 
anges in the strength of associations from 
g of elements. For example, it is un- 


and E. R. Kandel, "Long-Term Sensitization of a Defen- 


ee W Ней anii d 1973 (182), 1039-42. 


Sive Withdrawal Reflex in Aplysia.” Science, 
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likely that your sensitized reaction to the tickle stimulation was the result of 
an increase in the sensitivity of the touch receptors in your ear (though 
conceivably this could have been a component of the process). Under other 
conditions you might have responded to the tickle by scratching your ear 
rather than taking a swipe at it, but particular reactions were more sen- 
sitized than others because sensitization changed the rank ordering of 
probabilities of various responses. Such effects are unlikely to be caused by 
a change in the sensitivity of the Sensory neurons. Similarly, the probability 
that you would swipe at your ear was not increased to every type of 
stimulus, but only to tactile stimulation of the ear. In this case it is possible 
that the threshold for emitting all swiping reactions was reduced, but the 
only stimulus whose strength of connection to ane 
high enough to evoke it was tactile stimulation of u 
of habituation, no careful studies have 
peripheral sensory and motor neuror 
but they are possible in principle. If such a locus were ruled out, then the 
effects of sensitization would be on the strength of connections, which 
would make sensitization a form of associative memory, even though from 
a functional viewpoint it depends upon the occurrence of a single event 
and not on the pairing of two or more events. Thus, sensitization might 
either be a form of associative memory or nonassociative memory. Figure 


2-1 illustrates both the associative and nonassociative interpretations of 
sensitization. 


In terms of the previousl 
is emission training in that 


ar swiping response was 
1€ ear. In most examples 
yet appeared that rule out 
1 sensitivity changes in sensitization, 


y discussed dimen 


7 sions of learning, sensitization 
it invol 


ves an increase in the probability of some 


Cobwebs 
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response or set of responses. In principle, it might be either appetitively or 
aversively motivated, though the typical examples are aversive. If the sight 
of food to a hungry animal led to salivation in response to a previously 
neutral tone, then such a sensitized response would be an example of 
appetitively motivated sensitization. Since sensitization is produced by a 
single contingency, contiguity of two contingencies is obviously irrelevant. 
Generality of connection definitely does not hold for sensitization, since the 
S-R connections being sensitized already exist, but can have their strength 
of association increased or decreased. There is usually a substantial genetic 
predisposition involved in determining which connections can be sen- 
sitized. Sensitization has not been shown to occur preferentially during any 
critical period. 7 

Finally, some sensitization processes last no longer than a few seconds 
while others can be quite long term, even for an invertebrate mollusc, as we 
have seen. Carew and Kandel speculate that chronically high levels of 
arousal or anxiety in human beings might result from sensitization, though 
they acknowledge that this is only a possibility based ona rough analogy to 
the long-term sensitization process they have studied.” | 

Ап example of long-term sensitization in human beings is the enhanced 
sensitivity to distress calls of parents who are responsible for newborn 


babies. Anecdotally at least, such a parent will be far more likely to awaken 


in the middle of the night in response to the child's crying than will another 


adult without such responsibility. 


HABITUATION 


You decide to save money be taking an inexpensive apartment whose 
most distinguishing feature is that the tracks огай elevated commuter train 
run about eight feet from the bedroom window. At uS you notice the 
train every time it goes by, particularly when а Чен EYER M ga to sleep, 
but several weeks later you frequently fail to mien hen be train goes by 
(though your guests still notice and wonder how уо сап is in such an 
apartment). The reduction in the frequency and — "e your arousal 
and orienting reaction to the noise is an example : а This 
Process is not the same as sensory adaptation, hetanse the activity of 
Peripheral auditory sensory neurons is relatively or completely unaffected. 
(We do have a very modest capability, via contraction and relaxation of 
middle-ear muscles, to adjust the peripheral guditoty sensitivity by Approx- 
imately ten decibels, but this capability is too small to fully account for 


habituation to frequently occurring irrelevant sounds.) 


" « is of Interrelationships Betw Be- 

" ; 1, “Synaptic Analysis of the р ееп Ве 

locis e ss = е, in M. V. Bennett (ed.), Synaptic Transmission and Neuronal 
га odilicatior Ap) à 


" 9-83. 
Interaction, New York: Raven Press, 1974, pp- 339-85 
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At one time it was thought that such habituation was produced a 
process known as sensory gating wherein feedback from higher m 5 | 
the nervous system would actively inhibit the response of the ee 
auditory neurons to auditory input. However, careful айе A bas 
physiological correlates of habituation to auditory stimuli have пеш а 
strated that no such peripheral sensory gating occurs I he locus of varic : 
attentional changes, including habituation and distraction, is at muc 
higher levels, such as the auditory cortex." | | | — 

Almost any change in the characteristics of a habituated stimulus in я 
quently sufficient to restore part ог all of the initial response.? Tu : 
particularly true when the intensity of the sumulus is increased, but it 
also happen when there is a decrease in the intensity, even without 4 
change in quality.* Changes in the location of a stimulus © 
ation,’ and qualitative changes in a stimulus can reduce 
ation completely.* Finally, habituation to | 
fer incompletely or not at all when the components of the compounc 
stimulus are presented in isolation.? Thus, habituation is extremely selec- 
tive on the stimulus side in ways in which adaptation is not. 


an reduce habitu- 
or eliminate habitu- 
а compound stimulus may trans- 


Habituation of Orienting Responses 


When an unexpected (warning) stimulus is presented to a mammal, the 
animal will often make an orienting response. Orienting responses consist of 
any or all of the following components: (1) a startle reflex; (2) an observing 
response involving bodily movements, eye movements, ear movements. 
sniffing, and the like that results in better reception of the stimulus by the 
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relevant sense organs; (3) an increase in arousal as indicated by respiration, 
heart rate, vascular responses, the galvanic skin response (GSR), measures 
of brain activity by the electroencephalogram (EEG), and other symptoms; 
and (4) a heightened readiness to perform certain fight or flight 
responses.!? The components of the orienting response decrease in proba- 
bility and intensity with repeated presentation of the warning signal, that is 
to say, the orienting response to this stimulus habituates. 

The waning of the orienting response is not the result of motor fatigue, 
since other novel stimuli can still evoke a full-blown orienting response. 
Neither is it a consequence of sensory adaptation, since presentation of a 
stimulus qualitatively identical to the habituated stimulus but at a lower 
intensity or different location will partially restore the orienting response. 
Even slight changes in the stimulus are sufficient to restore the orienting 
response. Sokolov points out that it is as if the nervous system knows what 
stimulus to expect and has habituated the response to the expected 
stimulus. 

Furthermore, once there has been habituation of the orienting response, 
to one stimulus, presentation of a different warning or danger stimulus will 
restore much of the orienting response to the previously habituated 
stimulus. This phenomenon is known as dishabituation. Dishabituation pro- 
vides yet another reason for distinguishing habituation from either sensory 
adaptati motor fatigue. 

very ovis infants esl be conditioned only with great difficulty, if at all, 
but they frequently demonstrate substantial capacities for habituation of 
the orienting геѕропѕе.!! Such infants will look at a stimulus the first time it 
is presented, but the frequency of looking at the same stimulus decreases 
With repeated presentation, as the stimulus becomes more familar. Arousal 
and startle responses to sudden auditory stimuli also habituate in infants. 


Habituation of Withdrawal Responses 


Habituation is probably found in every 
опе form or another, though the n 
variation, !2 


; species of the animal kingdom, in 
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As an example of habituation below mammals let us a eiue 
the siphon withdrawal reflex of the sea slug Aplysia nir gud il es ү a 
his associates. This reflex can be habituated by repeated — нен 
light tactile stimulus. А single training session of ten tactile а p wa 
habituation of siphon withdrawal that recovers рашка after idle 
ranging from minutes to hours, but repeated training ana ai eder 
extremely long-lasting habituation, especially when thene бо m 
temporal spacing between the sessions. Ten training trails 4 "i el does 
days can produce habituation that persists to a diminishing extent fi 
three weeks before spontaneous recovery is complete. Рия 

Spontaneous recovery is but one way in which a reflex pathway a 
recover from the effects of habituation. The other way is dishabituation. _ 
Dishabituation often involves presentation of a warning signal that 1 
creases the responsiveness of the organism to previously habituated igitnr 
It usually take: «. more than a modest change in the original habituate 
stimulus to produce dishabituation,! but the most effective pienses | 
stimuli are typically Strong warning signals that evoke intense arousal, 
orienting, and s ie геѕропѕеѕ.!5 


The mechanisms by which such dishabituation counteracts prior habitua 


tion are by no means clear in most instances, However, in the case of 
habituation of the siphon withdrawal reflex in Aplysia, it has been estab- 
lished that the same electric shock that produces sensitization also produces 
dishabituation, and the magnitude of the shock's effect is in no way af- 
fected by whether the stimulation preceded or followed habituation.! That 
is to say, dishabituation appears to be identical to sensitization, since the 
effects are pretty much independent of whether the s 
preceded or followed habituation. Thus, the mech . 
habituation and sensitization , though substantially in- 
dependent, are functionally coupled to change the strength of the defen- 
sive reflex in a 


€ manner than eithe! 
mechanism would in isolation. 


ensitizing stimulus 
: FA 
anisms producing 
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by no means established. Habituation in higher organisms may sometimes 
be functionally analogous to the extinction of an association between the 
representatives of the mild warning stimulus and danger, as activated by 
strong warning stimuli. In such cases dishabituation would be a subsequent 
reconditioning, because it would depend strongly on a temporal pairing of 
the mild and strong warning stimuli for the dishabituating (reconditioning) 
effect. However for the siphon withdrawal reflex of Aplysia habituation is 
not extinction, and dishabituation is sensitization, a single-contingency 
form of learning, not classical conditioning, a two-contingency form of 


learning. 


Habituation and Adaption Compared 


Habituation is similar to negative sensory adaptation in that both involve 
decreased sensitivity, but the two forms of learning are functionally dis- 
tinct. In the first place, adaptation is almost completely unrelated to any 
Specific motivational or goal system and thus is outside the appetitive or 
aversive distinction. Habituation typically occurs when a mild warning 
stimulus is not followed by a strong aversive stimulus. Thus, habituation 
lies within the sphere of aversively motivated behavior, although the in- 


formation stored is essentially that a stimulus that might be an indicator of 


danger is not such an indicator in this situation. | | 
Habituation and adaptation, like sensitization, are single-contingency 
forms of learning, and thus temporal contiguity is irrelevant to both. 
Habituation is a highly prepared form of learning in that only certain 
Connections habituate, typically those between generalized warning signals 
orienting, and startle responses." However, the change is 
association between stimuli and responses, and in this sense 
is associative memory, even though it is produced by a single contingency. 
Neither habituation or adaptation has a critical period so far as we know, 
since neither is peculiar to certain times in the life span of organisms. 
Another difference between habituation and adaptation is that adapta- 
tion decreases the sensitivity to a very wide class of stimuli, while habitua- 
tion is generally for one specific stimulus or for a very small class of highly 
similar stimuli. Furthermore, sensory adaptation cannot be reversed by 
Presentation of some novel stimulus, while habituation can 


(dishabituation.)!8 
Finally, adaptation and h 


and arousal, 
probably in the 


abituation are different in their dynamic prop- 
erties. Adaptation is typically limited to relatively short-term effects—tens 
Of seconds to tens of minutes—while habituation can be short term or long 
term—sometimes lasting many weeks. In terms of acquisition dynamics, 
adaptation is best produced by relatively continuous exposure to the adapt- 
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ing conditions, whereas habituation can be produced more effectively >y 
periodic repetition of a transient rather than a continuous шшш 
there can be considerable time between repeated presentations of the 
stimulus to which habituation is occurring.!? | 

All this does not exclude the possibility that a habituation may be a 
central form of adaptation, but the locus is more likely in the efficacy of 
certain synaptic connections. Thus, habituation is almost certainly an as- 
sociative memory change, albeit a highly prepared one, which, like sensiti- 
zation, results from a single contingency. 


IMPRINTING 


The young of most higher animals require the care and instruction of 
one or both of their parents for some time before they are capable of 
independent survival. The young of precocial animals are capable af 
locomotion virtually immediately after birth and so pose a special problem: 
if such infants are not to wander off and get lost, it is quite functional that 
they know their parents and be attracted to them. To meet this need, young 
ducklings, goslings, chicks, and other precocial animals appear to possess à 
special early learning mechanism known as imprinting.?^ А 

In baby chicks and ducklings, imprinting proceeds approximately as fol- 
lows. During a period that typically ranges from five to thirty hours follow- 
ing hatching, the young bird looks for, is attracted to, and will actively 
follow virtually any moving object in its immediate environment. When a 
choice is available, the young animals prefer to follow objects that are 
highly similar to adults of the same species, but if nothing better is present, 
they even will approach a stationary flashing light. The longer-term conse- 
quences of exposure to a particular model stimulus during this critical 
period after birth is that the young animal will become more or less perma- 
nently attracted to that model and treat it as if it were its parent. These 
attachments take place about a day after birth, and it is subsequently dif- 
ficult or impossible to weaken or reverse this attachment. Baby chicks and 
ducklings have been imprinted on human beings, wooden models of vari- 
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ous kinds, other baby chicks and ducklings, objects emitting auditory call 
signals of various kinds, and even stationary flickering lights. 


Critical Period 

The feature that distinguishes imprinting from other types of learning is 
the existence of an extremely brief and well-defined critical period during 
which imprinting can occur. Figure 2-2 presents a typical function relating 
the strength of imprinting to the age of the young bird. No other type of 
learning is limited to so brief a portion of the lifetime of the organism. 

The onset of the critical period requires a level of neural maturation that 
is about the equivalent of the level ducklings achieve six hours after hatch- 
ing. Since ducklings hatch at various developmental (embryonic) ages after 
the onset of incubation, it is possible to determine whether itis the de- 
velopmental age or the age since hatching that is more critical in determin- 
Ing the onset of the critical period for imprinting, and the evidence indi- 
Cates that for ducklings hatching into a patterned environment it is the 
developmental age rather than the hatching age (and the associated visual 
€Xperience) that is more important. It is not yet established whether some 
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amount of general visual experience is necessary for imprinting to take 
place. | . 

The offset of the critical period appears to depend quite sharply on 
experience, particularly on the occurrence of imprinting itself. Apparently 
the critical period for imprinting ends when the birds have become satisfac- 
torally imprinted on at least one object. Experiments that have restricted 
the visual experience of young chicks and ducklings have demonstrated 
that the duration of the critical period can be extended by several days 
beyond its normal termination. Social isolation, which eliminates exposure 
to moving or flashing objects, appears to extend the critical period by as 
much as a week, and more extreme forms of visual isolation, such as the use 
of occluders to eliminate pattern vision, might extend the critical period 
even longer. It is possible that young birds reared in environments without 
changing objects eventually become imprinted upon some stationary ob- 
ject, and this terminates the critical period. If this is the case, then more 
complete sensory isolation might extend the critical period for many weeks, 
but this is not yet known. 


Imprintable Stimuli 


A very wide range of stimuli appears to be suitable for imprinting, but 
the extent of this range is not well established. Young birds have a substan- 
tial genetic predisposition for imprinting upon objects with visual and/or 
auditory characteristics that are appropriate to their species. An object that 
is too small is treated more as a potential food object than as a potential 
imprinting object. Stimulus change such as flicker (which might be pro- 
duced by flapping wings) is a desirable visual characteristic. Most desirable 
of all is movement, because it distinguishes living organisms from nonliving 
objects. With auditory imprinting the call of the same species is preferred 
over the call of a related species, which is preferred to very different audi- 
tory signals. When the imprinting process begins, the organism shows а 
very broad generalization gradient for attraction and following, but after 
imprinting has progressed for about a day this narrows to include only 
models that are highly similar to the imprinting object. 


Following Responses 


During the imprinting period the young birds typically follow the most 
appropriate imprinting object available, and there is some indication that 
during this period they are including within their concept of the imprinting 
object a variety of different views of that object. This is functional, since the 
appearance of a parent from the front may have little in common with the 


appearance of the parent from the side or the back. Thus, a variety of 
different stimulus configurations that may h 


ave little or nothing in conr 
mon must be integrated into a common co 


ncept of the parental model. 
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This might explain why imprinting takes several hours to complete rather 
than being an instantaneous process. Another purpose might be to permit 
greater choice of the most appropriate imprinting object, since during the 
Critical period, exposure to a less preferred model is relatively easily re- 
versed by subsequent exposure to a more appropriate model. 

The critical definition of imprinting is not the following of the young 
bird that takes place during the critical period, but rather the degree to 
which following takes place after the critical period is over. That is to say, it 
is the transfer of the following response to subsequent periods in life that is 
critical for the definition of imprinting, not the innately determined follow- 
ing behavior during the critical period. It has been demonstrated that it is 
not important for the bird to follow during the critical period for imprint- 
Ing to occur. Mere exposure of the bird to an appropriate model is suffi- 
m a imprinting, as measured by following behavior after the critical 

eriod. 


Reinforcement 


Imprinting appears to be an example of unreinforced learning, in that 
extrinsic reward for attending to and following a model during the critical 
and not beneficial to produce imprinting, un- 
ike instrumental conditioning, which these organisms exhibit in the rest of 


their lives. One can always regard exposure toa suitable imprinting object 
as reinforcement, but in this case the stimulus eliciting the following re- 
s, which is certainly different 


Sponse is ; : -einforcing stimulu 

: Se is identical to the reinforcing 5 i " “differ 

in s ard learning, in which the reward is different 
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period is both unnecessary 


* àn important way from rew m 
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forms of learning, including imprinting.?! If the motor neurons to a muscle 
are cut, the entire surface where the motor neurons can make contact with 
the muscle becomes highly sensitive to the neural transmitter (acetyl- 
choline) that motor neurons typically squirt on muscle to cause it to con- 
tract. Under ordinary conditions only that portion of the muscle where 
motor neurons actually make synaptic contact is sensitive to acetylcholine; 
the rest of the surface is insensitive. As the motor neurons regenerate and 
make new synaptic contacts with the muscle, the portion of the muscle that 
is sensitive to acetylcholine gradually to 
places where the motor neurons make contact, and after a sufficient 
number of such connections have been made, the rest of the surface loses 
its sensitivity to the motor neuron input. These sites may well be somewhat 
different from the sites where they made contact before. Thus, denerva- 
tion supersensitivity is an adaptive mechanism in that it 
connection to be functional as soon as it is made, 
There is evidence that many neurons in the 
numbers of potential sites for receiving Synaptic input. When strong synap- 
tic connections are developed at some of these sites, the remaining portions 
of the synaptic surface become insensitive to input. 
have a huge number of pot 
neural maturation process, 


becomes restricted once again to the 


allows a developing 


nervous system have large 


Thus, a neuron can 
ential synaptic connections as a result of the 
but selection as to which of these potential 
connections will become functional is determir 

This neural model appears to fit w 
imprinting. Assume that the neurons 
have, as a result of neural maturati 
connections from visual and audito 
innately determined biases 
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parent. The perceptual learning aspects of this process, as demonstrated 
through experiments, show that exposure to a particular model during 
imprinting facilitates later choice learning between this stimulus and a new 
stimulus to obtain food reward.?? The positive transfer that occurs as a 
result of exposure during the critical period obtains whether the familiar 
object is the rewarded one or the unrewarded one. Thus, it is not the 
attachment itself that is the basis for the positive transfer, but the percep- 


tual learning of the characteristics of the model. 
When the positive and negative stimuli for the later choice task were both 


exposed in rapid alternation during the critical period, subsequent dis- 
crimination learning between these two stimuli was actually retarded. 
However, if the bird was exposed to both stimuli during the critical period 
but was given a half hour with one stimulus and then a half hour with the 
other, this negative transfer was not obtained.?? It appears that exposure of 
the two stimuli in rapid alternation causes the two different stimuli to be 
Classed within the same concept representative. This makes it very difficult 
for the bird to distinguish between them later as separate concepts in a 
a functional point of view, exposure to stimuli in 
to obtaining different views of the parent, as 
both the parent and the baby move about and change their relative posi- 
tions to each other. It would be highly functional if these different views of 
the same object were put together into a single integrated concept, but in 
this artificial task it was dysfunctional. 


choice learning task. From 
rapid succession is similar 


Long-term Consequences 

The most immediate long-term consequence of imprinting is to deter- 
mine the particular object that the young bird will арргәлен follow, and 
want to be near. This permits the young bird to distinguish its own parent 
from the parents of other organisrrs. Although the evidence is somewhat 
less definitive, on a longer-term basis it appears that even adult social and 
Sexual preferences are strongly influenced by the nature ^" ше initial im 
printing object. It is also of some importance that the imprinting object can 
later be used as reinforcement for the learning ой онеге уонна апан а 
pecking. That is to say, a young bird s eami a pecking response af it is 
reinforced by presentation of the imprinting object. | hus, specific objects 
acquire reinforcement properties as а result of imprinting. 


Other Possible Examples of Imprinting 
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has made it extremely difficult to distinguish these from the development 
of attachments via extrinsic reinforcement. Among the processes that cer- 
tain investigators think may involve imprinting are all attachments Ө! 
young to parents, including the attachments of monkeys to nonliving pss 
rogate mothers.?! (In the absence of their real mothers, young monkeys 
develop strong attachments to soft objects and spend a great deal of time 
clinging to them, running to them when they become frightened, etc.) Fhe 
attachments of human infants to parents, and of the parents to their young, 
might also involve imprinting to some degree. у 
Some investigators believe that certain organisms develop various forms 
of locality imprinting. For example, the digger wasp learns its home bur- 
row nest. Migrating fish such as the salmon learn the characteristic odor of 
the stream in which they were Богп.25 Some migrating birds learn the visual 
pattern characteristics of certain constellations via some special learning 
process that might be similar to imprinting.26 It has been suggested that 


some insects may develop food imprinting to the particular type of leaf 
they feed upon.?? 


PREPARED SENSORY-MOTOR LEARNING 


A number of years ago it was discc 
require some initial tactile stimulus t 
urination reflex. Without this environmental "trigger," the reflex does not 
function and the baby rats die of. ruptured bladders. The reflex connection 
from the stimuli associated with bladder distension to the urination re- 
sponse is genetically established, and, so far as is known, there are no 


nnection. Nevertheless, experience does play 
‘toning up” of this reflex 28 


overed by accident that infant rats 
© the genital region to initiate the 
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chicks are reared either in the dark or with visual occluders over the eyes to 
prevent pattern vision. Thus, the improvement in pecking accuracy occurs 
both as a function of purely maturational changes in the chick and as a 
function of specific experience in visually guided pecking.?? 

The range of potential interaction between genetics and learning is 
perhaps best demonstrated in the acquisition of bird song.?? At one ex- 
treme, completely isolated male song sparrows can develop normal song 
despite the fact that their song is more complex than that of many species 
that require exposure to the song of their species during development. 
Somewhat less rigid genetic determination of song is exhibited by juncos, 
Which develop abnormal song reared in isolation, but can develop quite 
normal song when raised with a group of other vocally inexperienced 
Young juncos. It is a successful case of "the blind leading the blind," 
perhaps because each young junco possesses some component of the nor- 
mal song, which is different for different juncos. This, in combination with 
the genetic predisposition to learn the normal song, leads to normal song 
development among young juncos raised in ajgroup« ; & 
‚ Ехрегїепсе plays a greater role in relation to inheritance in the acquisi- 
поп of song by white-crowned sparrows. White-crowned Sparr ows exhibit 
local song dialects—that is, the singing characteristic of sparrows living in 
one region differs somewhat from the singing of white-crowned sparrows 
that live in another region. Reared in isolation, however, white-crowned 
Sparrows from different regions develop the same eg Nea NERSION of the 
normal song. Clearly they acquire the local dialect 2r istening to adult 
birds, Controlled experiments demonstrate that ther eisa critical period up 
to about three or four months of age during which isolated males can be 
trained to sing whatever dialect of their species song they are 2 03 

€yond four months of age, there is no capability to Web R yan A 7 such 
training, This is particularly interesting because E ls wi ede 
Sparrows do not actually begin to produce ipesongs ense uds Ses severa 
Months after the end of the critical period for ехрозитецо is ult song. The 
young birds must be forming a sensory memory trace for the song dialect 
that Subsequently guides the acquisition of their pe song. i 

This acquisition of song has been shown 10 К RE M d of 
Produced song with sensory feedback Пош Ба gens be P i Ж, ied 
irds deafened after the critical period but Б deg e a jn Ts 
Song can't acquire the song they had been s uni Js Feud | m 
Young bird has to be able to hear itself sing and comp: 8 to the 
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previously acquired memory trace for adult song in order to develop adult 
song with the appropriate dialect. 

Another genetic constraint on the acquisition process is that exposure to 
the song of another species is almost completely ineffective in influencing 
the song development of white-crowned sparrows, whether they are ex- 
posed to the alien song in combination with normal song or in isolation. 
There is a strong genetic predisposition to learn a dialect within the range 
of white-crowned sparrow songs and not outside that range. 


PREPAREDNESS AND CONDITIONING 


Generality of Conditioning 


Studies of classical and instrumental co 
trate on relatively arbitrary pairings of stimuli and responses. Of course, 
the organism must be sensitive to the CS, and the CR must be within its 
potential behavioral repertoire, but pure tones, bar presses, and the like are 
not likely to be a significant part of the natural experience of most lower 
organisms. More importantly, pairings between stimuli and responses are 
largely arbitrary and at best only analogous to naturally occurring contin- 
gencies. The fact that successful instrumental and classical conditioning has 
been demonstrated with a large variety of arbitrarily related stimulus- 


se (SF many to believe in what might be called the 
generality principle of conditioning, which is t 


conditioning, any stimulus can be conditioned to any response. An even 


ch a position is that any response can be 


nditioning have tended to concen- 
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up in the air, and so forth. This rooting behavior is, of course, a strongly 
established natural response pattern connected with food, and for some 
reason, this response was so dominant in the situation that a new, more 
arbitrary, response could not be learned and maintained at any high criter- 
lon. 

Laboratory experiments have demonstrated that certain simple reflexes 
are very difficult to condition, and that instrumental conditioning of au- 
tonomic responses is also somewhat difficult to obtain. Hence it does not 
appear that all stimuli are equally associable to all responses. The innate or 
learned preparedness or contrapreparedness of ша organism to learn a particu- 
lar association must be taken into account."* | 

From the standpoint of preparedness, there is probably na sharp break 
between some highly prepared single-contingency forms of lear ning, such 
as sensitization, habituation, imprinting, or song learning in birds and 
highly prepared multiple-contingency conditioning. These various forms 
can be considered on a continuum of variety of possibilities for strengthen- 
in rw i iffer associations. 

Lr puni i pii form of learning, short of complete innate 
Specification, is that which occurs when a stimulus is = Lor quio toa 
particular response but experience determines the str жон à nat a 
tion. An example of this is the triggering of rien 9 лт : 
earlier, Imprinting is somewhat less highly prepared in th i а р i is 
Potential stimuli can be associated to a particular a in pa E (fo Sw 
ing and attraction). The sensory and motor cy dmt bes wha oe 
When birds acquire song exhibits a variety of SES Е я 2 етта n 
different species, with some species having a m se Saami P ge 
of learnable songs and other species having a iron er m s ^ р 

Preparedness is present in all n A а Лань байн чат 
Concept in the analysis of conditioning as wel ik oh a i : uel 
Suggested by consideration of the vec deri aii Foe эши. neige 
lea Portant pan a ше pes Sip associative generality—that is, an 
i: ning is the incr Mii M sa with anything else with close to equal 

“Teasing ability to associa R : rganized in su 
€ase. In ани не the cerebral cortex аша патч 
Way as to provide a close approximation 00 E ine reater the degree of 
Such that the larger the cortex of an ONRAN GHN b a iss ма: 
associati ба ding to this notion, su cortical conditioning is 

5ociative generality. According 


: eater extent by the relative 
ming К uenced to a gr 
Much more constrained and infl dness. The same sort of pre- 


f the Laws of Learning." Psychological Review, 1970 
Biological Boundaries. 
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1 1 -ralitv © 2 r- 
highly prepared learning and less associative generality than adult o 
ganisms. 


Autoshaping 


Although most experimentally conditioned responses are relatively d 
natural in relation to the stimuli or the reinforcements employed, HUE yd 
pecking that pigeons do to obtain food in a Skinner box is closely ES 
the way pigeons ordinarily obtain food, namely, by pecking. Hence, ps id 
ing for food might be considered a highly prepared association that № E 
be learned rather easily. This is true, and, in fact, the association is so easily 
learned that a rather amazing phenomenon known as autoshaping has 
been demonstrated by Brown and Jenkins and others 
pecking.?? DN 

The autoshaping paradigm is a classical conditioning procedure of pan 
ing the illumination of a key with the delivery of food. The ак 
lights the key just before delivering food to the pigeon. This is a CS-US 
pairing that is in no way dependent on the pigeon's behavior. In Гонта 
pecking the key after the light comes on does not affect the probability e 
latency of food delivery. Nevertheless, under these conditions pigeons start 
pecking the key and increase their rate of pecking to a very high rate. The 
pecking elicited by the food, the US, comes to be elicited by the CS, the 
light. Such autoshaping occurs even though the pecking has no effect on 


the probability of food reinforcement. Thus, a classical conditioning pro- 
cedure is being used. 


More amazing is that the CR 
turn off the key and prevent 
thermore, autoshaping 
tial distance from the 


for pigeons’ key 


—the key peck—occurs even when the pecks 
the delivery of food reinforcement.” Fur- 
can be demonstrated when the key is at a substan- 
food-dispensing mechanism. Thus, a highly pre 


would not be learned or maintained. 


Learned Food Aversion 


"P. L. Brown and Н. M. Jenkins, "Auto-Shaping of the Pigeon's Key Peck." Journal of 
Experimental Analysis of Behavior, 1968 (1 1), 1-8. B. R. Moore, “The Role of Directed Pavlovian 
Reactions in'Simple Instrumental Learning in the Pigeon," in Hinde and Stevenson-Hinde, 
Constraints 


on Learning, pp. 159-88. H. M. Jenkins, “Effects of the Stimulus-Reinforcer Rela- 
tion on Selected and Unselected Responses,” in Hi 


nde and Stevenson-Hinde, Constraints оп 
Learning, pp. 189-206. 
"D. R. Williams and H. Williams, * 


Despite Contingent Non-Reinforcemen 


Auto-Maintenance in the Pigeon: Sustained Pecking 
(12), 511-90. 
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us with an interesting personal anecdote, which he has labeled the sauce 
Bearnaise phenomenon, that illustrates some important aspects of learned 
taste aversions.?? Some years ago he came down with stomach flu about six 
hours after eating filet mignon with sauce Bearnaise. This association of 
the taste and illness caused him to develop a strong dislike for sauce Bear- 
naise, though he did not develop a dislike for steak, the plates from which 
he ate the sauce, the opera he heard in the interim, the people he associated 
with during that time, or anything else associated with the experience—just 
the sauce Bearnaise. A very long time, six hours, intervened between ex- 
periencing the visual and taste CSs and the US, the resulting illness. Finally 
he determined definitely that a virus had caused his illness, not the sauce 
Bearnaise; nevertheless he could not rid himself of this strong taste aver- 
sion. Sauce Bearnaise, once his favorite sauce, still tastes awful to him. 

Seligman has been one of the primary advocates of the importance of 
Considering preparedness as a dimension of conditioning; and. the 
phenomena he cites to differentiate highly prepar неви 1еѕѕ ргерагеа 
associations are extremely convincing on this matter. °- 

Perhaps the best experimental demonstration of ше уро of pre- 
Paredness for learning different associations Was provi cs in x Rr 
ment by Garcia and Koelling.?* They employed two conditioned stimuli, 
taste and an audiovisual stimulus, which were both paired ue subse- 
quently induced radiation sickness. Under these conditions, only the taste, 
not the audiovisual stimulus, became мене Nios aren оч RN 
Broup of rats was given the same two CSs paired with s “tp the 
Audiovisual stimulus became aversive and not the taste. ae are highly 
Prepared to associate tastes with illness despite OSS interva s the ета 
9f hours, but they are contraprepared to повео various ies ойи sig 
nals with illness. They are also highly prepare ее а. 
Signals with various kinds of ie Uer pain, y are 
contrapre d to associate taste W1 : 

DU eve learn that a food is safe to gat: etn: T have 
demonstrated that when an organism eats severa р : becomes 
ill, it is the most novel foods that become aversive.?^ When there is a rela- 
tively novel food, to which to attach the aversion, little or no aversion is 


^8 s, pp- 8-9. 
"Seligman and Hager, Biological Boundaries, pP. 8 
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ү, > 5 „99. J. C. Smit 
Bu я Psychonomic Science, 1966 (б), E iens $сїепсе, 1967 (9), 1 112. S. Н. Revusky, 
8 X-Rays as the Aversive Sumulu ) adiation-—Témparsl апа Dosare 


i contingent X-Irr: 1 
троп to Sucrose Produce ру Сара Psychology, 1968 (65), 17-22. 


a " n ^, ] Р Y А а 
а Journal of pecias An "Association of Illness with Prior Ingestion of Novel 
> > Н. Revusky, and E. W. Beaart, S 


Food.” Science, 1967 (155), 219-20. 


Ps 


50 Prepared Learning 


developed for foods that have been consumed frequently in the past with- 
out unpleasant consequences. Even when only a single type of food is 
consumed, the more often the organism has eaten it without adverse con- 
sequences, the less aversion is developed from a later pairing of the food 
with subsequent illness.*? Rozin and Kalat term this effect learned safety. 

Taste aversions can be formed even with CS-US intervals of several 
hours, but the effectiveness of the conditioning begins to decrease with 
increasing delay.!! Thus, there is no reason to believe that the law 
regarding the importance of contiguity for the formation of associations Is 
different as a function of preparedness, but there is a considerable differ- 
ence in the rate parameter. The highly prepared character of learned taste 
aversions—namely that only stimuli closely associated with food consump- 
tion become aversive—may provide the functional explanation for the abil- 
ity to tolerate long CS-US intervals. Associating everything that occurs 
within a six-hour period one to another would normally be very dysfunc- 
tional, so the rate parameter must be such as to produce a substantial 
decline in conditionability with increasing CS-US interval. But since learned 
taste aversion is so highly prepared that only stimuli associated with food 
(generally a novel food at that) can be conditioned, and then only to illness- 
induced aversion, there is relatively little opportunity for dysfunctional 
taste aversion learning (Seligman’s experience with sauce Bearnaise being 
one counterexample). Along the same line, there have been observations of 
the natural behavior of animals given a choice of more than one new food. 
Under such conditions animals tend to eat one new food at a time, minimiz- 
ing the chance of developing incorrect food aversions.*? 

The mechanism of learned safety may also account for a portion of the 
eventual decline in conditioned aversiveness of a food with increased delay 
between consumption and illness. As time elapses since consumption, the 
animal is learning that the food is safe, and this interferes with learning 
that it is aversive. Nachman and Jones demonstrated that not all the delay 
gradient can be explained by learned safety, 


since even a highly familiar 

food will acquire some aversiveness if paired with illness, and such condi- 
tioning shows a pronounced delay gradient.43 

The subcortical character of taste aversion learnin 


g has been suggested 
by experiments showing: (1) that taste 


aversions can be learned even under 


"Tw. Kalat and P. Rozin, “ ‘Learned Safety as a Mechanism in Long-Delay Taste-Aversion 
Learning in Rats. Journal of Comparative and Physiological Psychology, 1973 (83), 198-207. 
“Smith and Roll, "Trace Conditioning with X-Rays." 


«ар, Rozin, "Adaptive Food Sampling Patterns in Vitamin-Defi 
parative and Physiological Psychology, 1969 (69), 196.39. p. Rozin 
Situation-Specific Adaptation," in Seligman and Hager, Biological Boundaries, pp. 66-96. 
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deep anesthesia, and (2) that such learned taste aversions survive the 
effects of electroconvulsive shock and cortical spreading depression deliv- 
ered shortly after the organism consumes the Ғооа.*° Such procedures 
block the formation of more cognitive learning and conditioning. 

Finally, there are species differences in learned food aversion. For ex- 
ample, Japanese quail appear to be more prepared to associate the visual 
Characteristics of food rather than its taste with subsequent illness.** 

The study of learned food aversions has already suggested some poten- 
tial practical applications. Gustavson, Garcia, Hankins, and Rusiniak dem- 
Onstrated that making coyotes sick by feeding them poisoned lamb's meat 
can, in one or two treatments, suppress their tendency to attack lambs.*? 
This opens up the possibility of reducing coyote attacks on sheep by means 
Other than massive killing of coyotes. In aversion therapy for behavior 
Modification of alcoholics, Wilson and Davison suggest that it may be more 
effective to use illness as an aversive consequence of alcohol consumption 


than, say, electric shock.** 


Learned Food Preferences (Specific Hungers) 
d food aversion provided the solution to 
lem of how organisms learn the sub- 


Stances to eat in order to get adequate nutrition. For a number of years 
there had been experiments demonstrating that animals deficient in a nu- 
trient (such as thiamine or riboflavin) would consume foods containing that 
Nutrient in preference to foods that did not. It seemed difficult to believe 
that organisms were equipped with specific detectors for each зари nut- 
nent and that nutrient-specific drive centers made the taste = "pie 
containing that nutrient more desirable. The work on Іеагпе n DN 
ee led Paul Rozin and his colleagues cu Ween: 
асп і because the о ‚ which is e 
Some dios s d gia owing to its association with the illness 


Produced by the dietary deficiency." 


Work on preparedness in learne 
he moderately longstanding prob 


4 zt 'ersion in Anesthetized Rats," in Selig- 
^D. L. Roll and J. C. Smith, “Conditioned Taste Aversi 


man and Hager, Biological Boundaries, pP- 98-102. 


фы Nachman, "Limited Effects of Electroconv 


ulsive Shock on Memory of Taste Stimula- 
1-37. P. Best and K 

3 siological Psychology, 1970 (73), 3 3 ў 
к 9f Сонра dul nom Taste Aversion.” Physiology and Behavior, 1971 
, и ortical ^ а = 


(7), 3 
17-20, d P. A. Kral *Tliness-Induced Aversions in Rat and 
n, and +. 2. а 


46 
Н. C. wil B. Dragoi » Science, 1971 (171), 826-28 
Quay. 5 ‘llcoxon, W . rag tory Cues.” Science, 1971 (171), -28. 
"m a as ae ees р" к. М. Rusiniak, "Coyote Predation Control 
by Av, A ustavson, .! arcia, W. ©. 184 581-83. 
WE a ars Techniques in Behavior Therapy." Journal of 
Ў » + Wilson ап . C. Dav Жы 


Consulti jos 33), 327-29. 
зэр d. ран anne of Specific Hungers." Journal of Comparative 
: an, "Specific A versio 


52 Prepared Learning 


There is now considerable evidence in favor of this i REA d 
its elegance and parsimony by comparison to the "d bonc 
hungers. For example, when a nutrient deficiency develops, ^ s mier 
strate a strong aversion to their familiar (deficient) diet. c: d п к 
they spill it and redirect their feeding а pepe icon 
chewing inedible objects when no alternative food is available. ; 
an alternative food is available, they prefer 
food that they do not associate w 
pletely novel food.®° Novel food 
foods. If the new diet does not le 


it. They also prefer a familiar 
ith deficiency-induced illness to a com- 
s are only preferred to familiar aversive 
ad to recovery, the animals will continue to 
they find one that makes them feel better. 
vered, they stick with that food and show 
no interest in trying out other novel foods. 


preferences as well as aversions 
foods associated with r 


warning stimulus. 


Sensitization and habituation are single-contingency forms of learning 
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that are fundamentally linked in that sensitization counteracts the ef- 
fects of habituation (produces dishabituation). 

Habituation to a repeated stimulus and sensory adaptation are both 
single-contingency forms of learning, but they differ in several impor- 
lant respects. Sensory adaptation is a nonassociative memory change in 
the sensitivity of peripheral sensory receptors that affects the likelihood 
of eliciting all the responses connected to those sensory cells. Habitua- 
tion is probably an associative memory change in the connection from а 
Stimulus node to a particular response pattern. Sensory adaptation 
decreases sensitivity to a wide variety of stimuli, while habituation is 
confined to a small class of highly similar stimuli. Habituation can be 
reversed (dishabituation) by presentation of a novel sensitizing 
stimulus, while adaptation cannot be. Finally, their storage and acquisi- 
Чоп dynamics are also different. The effects of habituation can last 
much longer than the effects of adaptation (weeks versus tens of min- 
utes). Habituation is very effective with long delays between répétitions 
of a stimulus, while adaptation is sharply reduced by such Spacing: 
Exposure of a young duckling, gosling, or cae a 5 € during e 
critical period (which begins about five hours po atc ns eer the 
Young bird to treat the model as its parent à 25 1 iA eat а, 15 
called imprinting. Imprinting 1s faster for ва а ai : s ar to 
adult members of the species. Within the eruca perio i m pre- 
ferred models will be selected for imprinung over — eut mod- 
Strongly imprinted on some model, and therea m ies s o 
reverse the attachment by exposure to a are polo of бее —Ü 

ч iz of the 1 
co 4 Binds хедшше € we | ii aw amies several ieri 
uring a critical period in order to , 


later, to produce that song. mM | 
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very specific S-R nanbiecions гап be о ре у 
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Мории classical and instrum enta Van RR A ү" 
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Strong aversions to a food develop when consumption of the food is 
followed by illness, even when hours elapse between eating and illness. 
Specific food preferences can also be learned 
these foods is associated with recovery from illness. Novel foods are 
much more likely to become aversive owing to association with subse- 
quent illness than familiar foods that have frequently been consumed 


in the past without unpleasant aftereffects. Organisms can learn that a 
food is safe. 


when consumption of 


Classical Conditioning 


OBJECTIVES 


l. To describe the experimental procedures of classical conditioning. 

2. To present the basic facts of acquisition and extinction in classical con- 
ditioning as a function of various conditions. 

3. To discuss the concept of inhibition and to describe the role it may play 
in discrimination, generalization, the timing of the conditioned re- 


sponse, and elimination of the conditioned response in extinction. 


To discuss the relationship between conditioned and unconditional 


responses. 

To discuss what is learned in elementary classical conditioning and in 
more complex paradigms such as higher-order conditioning, sensory 
preconditioning, conditioned inhibition, and configuring. 

6. To discuss the role of stimulus salience and selective attention in classi- 


cal conditioning. 


To describe the configuring p 
and to point out the probable 
Capacity for chunking. 


henomenon found for higher species 
dependence of configuring upon the 


one evening and you see someone frying 
fire. Suddenly you begin to feel hungry, 
and you may even salivate а little. You get up, go to the refrigerator, and fix 
Yourself something to eat. Such a hunger reaction to visual and auditory 
Stimuli connected with food is an example of classical conditioning. Certain 
tastes and smells may or may not be innately associated to feelings of 
Unger, but hunger reactions to sights and sounds connected with satisfac- 
‘ory food must surely be learned by pairing such sights and sounds with 
Bood tastes and smells and ultimately with satisfying one’s hunger. 
Consider an example of aversive conditioning. You hear a bee buzzing or 
See a snake or a spider, and perhaps you become mildly anxious or even 


You are watching television late 
acon and eggs over an open camp 
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deathly afraid. Such reactions are almost certainly 


may be hard to pinpoint the precise learning experie 
that produced the association betw: 


ne followed a few seconds later 
dog to eat. The strength of assoc 


as determined periodically by t 


est trials in which the 
A. p. Pavlov, Conditioned Reflexes: An Investi; 


ystological Activity of the Cerebral 
Cortex (1927), Trans. С. v. Anrep. New York: Dover, 1960. E. 1 : 
Knee-Jerk" (unpublished doctoral dis 


<B, witmeyer, "A Study of the 
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tone was presented alone for 30 seconds and the amount of salivation was 
measured. 

Before the tone CS and the food US were paired, the food produced a 
salivary UR, but the tone produced no salivation. The tone did produce an 
orienting response, which indicated that the dog was paying attention to 
the stimulus, but such orienting responses habituate upon repeated presen- 
tation of the stimulus, provided the stimulus is not associated with the 
occurrence of any other significant event. When the tone regularly pre- 
ceded the food, after perhaps 20 trials a substantial amount of salivation 
was elicited by the tone CS. Furthermore, over successive conditioning 
mils. the amount of salivation progressively increased. Also, when the 
conditioned salivary response occurred, it typically began as much as 90 
seconds following the onset of the tone, but later it often began only one or 
two seconds following CS onset. It is evident from this that we can use 
various response measures to indicate an increase in the strength of condi- 
tioning with repeated trials: the probability of occurrence of any salivation 
above baseline level, the magnitude of the salivation, and the decrease in 
latency of salivation. А T ; noni 

Conditioned salivation is an example of appetitive classical conditioning, 
since food is a positive stimulus and the CS comes to i associated with AS 
Occurrence of such a positive stimulus. Classical conditioning can also e 
based бн, ar overside US, such as electric shock. A common example of 
àversive classical conditioning, one with a skeletal rather than a glandular 
response, consists of the pairing ofa CS such as ài ei p icy ee a “a 
consisting of a shock to one of the legs of an "x pe s va et E eg 
produces a leg flexion withdrawal response as em as chang Wem Ls 
tonomic responses such as heart rate, galvanic skin drei - : A ап 
Other indicants of arousal or fear. Repeated pairing of the E US eads 
to flexion and autonomic responses to the or alone, epe in a case 
extended conditioning will often E шш. of the flexion CR so 
that it occurs į ior to the expecte é 

A cond mel response (CER) such as fear can ome ME meas- 
ured indirectly by its interference with some sere tog: ach A oe agus 
example, if a tone has been paired with shock, pai m es : Ich an 
animal has developed a conditioned fear ad a [у ай ыле CROSS 
ured by presenting the tone when the anima 1S d aut and | Б ма 
from а drinking tube. Such a tone will interrupt A "i s Voss ик 
the rate of licking. The magnitude of st ay опе ЖШ ard UM 
Ure of the strength of association between the tone itione 


Car response. ic 
The rer experiment that indirectly assessed the strength of classical 
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conditioning of a stimulus to fear through its depression of ongoing be- 
havior was performed by Estes and Skinner.? Rats were taught to press a 
lever at a certain rate in order to receive a pellet of food periodically. The 
training procedure was a four-minute fixed-interval schedule of reinforce- 
ment, in that the rats received a food pellet for the first response after each 
four-minute interval. After two weeks of daily one-hour training sessions 
the rats were lever pressing at a moderately high and reasonably consistent 
overall rate (ignoring cyclical fluctuations). Then for the next six sessions 
the rats received three-minute auditory stimuli terminated by electric 
shock. The increasing strength of association between the auditory 
stimulus and the shock was measured by the decreasing rate of bar pressing 
during presentation of the auditory (warning) stimulus. Figure 3-1 pres- 
ents a simplified illustration of response suppression. 

Another well-known classical conditioning paradigm is the conditioned 
eyeblink. A CS such as a tone is paired with a small puff of air delivered to 
the eyeball (US), which elicits an unconditioned eyeblink response. After 


several pairings of the CS and US, the CS by itself will elicit a conditioned 
eyeblink. 


no CS CS on no CS 


Rate of Lever Pressing 


Time —> 


Figure3-1. Idealized diagram showing suppression of a CR (lever pressing) during presenta- 
tion of a fear inducing CS. 


W. К. Estes and B. F. Skinner, "Some 


Quantitative Properties of Anxiety." Journal of 
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Speaking functionally, classical conditioning serves to allow an organism 
to anticipate a future event and thereby make appropriate emotional and 
Skeletal behavioral responses in anticipation of that event. It does not per- 
mit an organism to change the events that occur in the world, but it proba- 
bly does change the effects these events have on the organism. Like the 
single-contingency forms of learning discussed in Chapter 2, classical con- 
ditioning permits the organism to adapt to the world as it exists, not to 


change it. 


EXTINCTION 


Classically conditioned responses can be eliminated by a procedure 
known as extinction. Extinction is the repeated presentation of the CS not 
followed by the US. Extinction gradually reduces the probability of the CR 
in response to the CS) Note that unpaired presentation of the CS by itself is 
formally analogous to a habituation procedure. The difference is that ex- 
tinction is the weakening of a previously established conditioned response, 
whereas habituation is the weakening of (presumably) unlearned, innate 
responses to a stimulus. 

Extinction is but one of many ways to decrease performance of a CR to a 
CS. It should be distinguished from decay, which is a decrement due to the 
passage of time alone, independent of experience. The speed of extinction 
is many orders of magnitude greater than the speed of ordinary forgetting 
in the case of classically conditioned responses. Under some conditions, 
extinction can be about 90 percent complete after ten to fifteen extinction 
trials distributed over a period of less than five minutes." The rate of 
forgetting of classically conditioned responses is much oe 
Studies yield substantial retention after months and even years. Extinction 
is also experimentally distinguishable from counterconditioning, in which a 
CS is associated with a different CR, which may result in interference be- 
tween the two CRs. The greater the incompatibility of the two CRs, the 


8reater the interference. 
The CS is not the only stimulus 
iment; there are background context 
evidence that some of these context cues 
play a role in maintaining the CR during 
from time to time during extinction W1 


present in a classical conditioning exper- 
(situational) cues as well. There is 
become associated with the CS and 
extinction. Presentation of the US 
ll retard extinction in particular, 
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even though it is not paired with the CS.* As Capaldi and Mackintosh have 
suggested, the ideal conditions for investigating extinction of a specific 
CS-US association might be provided by simply removing the CS-US pair- 
ing, and continuing to present both CS and US at the same rate as during 
acquisition but in an unpaired (or random noncontingent) manner.? 


SPONTANEOUS RECOVERY 


ger the delay following extinction, the greater the 
up to a maximum after a day's rest of 
nse strength lost during the extinction 


» there is по significant 
CR, while there is substan- 
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evidence for this is that reacquisition after extinction to some performance 
level is faster than original acquisition from that level,1° 

Because extinction does 
in the strength of the positive association from the CS to the CR, Pavlov 
Suggested that extinction resulted from inhibition of the CR, that inhibition 


олен Reflexes: III. Defensive Motor Reflexes.” 
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The relative effectiveness of these procedures is as follows: Forward 
conditioning is superior to simultaneous conditioning, and backward con- 
ditioning is usually completely ineffective.!! Presenting the US before the 
CS generally does not increase the performance of the CR to the CS. This is 
generally functional. However reliable the pairing of US and CS in back- 
ward conditioning, the CS has no informational value to the organism as 
long as it continues to occur after the US, because the CS can only postdict 
what has already occurred. 

The failure of animals to increase their performance of some CR to the 
CS in a backward conditioning paradigm does not mean they have not 
learned the backward association between the CS and US. Spooner and 
Kellogg obtained a substantial level of performance of a CR after a few 
backward conditioning trials, but on later trials the frequency of perfor- 


mance of the CR began to decrease in the backward (and the simultaneous) 


conditioning group(s), while it continued to increase substantially in the 
forward group.'* Such a finding suggests that the backward conditioning 
hat was gradually replaced 


group initially established a positive association t 
by a stronger negative association. There is considerable evidence to sup- 


port this hypothesis that under the backward conditioning paradigm the 
CS may become a conditioned inhibitor, in that animals learn that the CS 
Predicts a period in which the US will not оссиг.!8 

The preceding pattern of results has been obtained with transient CSs 
Such as flashes of light or tone bursts. When a physical object is presented 
as the CS following an aversive US, animals appear to develop a con- 
ditioned emotional response to the physical object, despite the use of a 
backward conditioning procedure." Keith-Lucas and Guttman shocked 
rats while they were eating, then after a blackout period of from 1 to 40 
Seconds they presented the rats with a toy hedgehog. On the next day the 
rats showed stronger avoidance of the toy hedgehog (backward CS) than of 
the shock location (forward CS) even with blackout delays as long as ten 
Seconds. Thus, there would appear to be little doubt that backward excitat- 
Ory associations can be formed and demonstrated by changes in perfor- 


mance under proper conditions. 
prop 


Cognitively speaking, demonstration of backward conditioning may de- 


p. 48. C. E. Osgood, Method and Theory in Experimental 
y Press, 1953, pp- 313-14. 
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pend critically on the likelihood that the CS caused the US (even though the 
organism’s exposure to the CS occurred after the US). If you are suddenly 
pinched while you are standing in a room and then the lights flicker, you 
are not likely to assume that the flickering lights caused the pinch. But if 
you turn around after you are pinched and discover an acquaintance stand- 
ing behind you, you are rather likely to assume that he or she caused the 
pinch. Of course, the mechanism by which humans draw such inferences is 
probably different from the mechanism that accomplishes analogous dif- 
ferentiations in rats, but the result may be similar. 


Another way to characterize the difference between successful and un- 


trate backward conditioning is in terms of 
the concept of preparedness that we discussed in detail in Chapter 2. Rats 
ociate injury with another organism and 
» €ven contraprepared, to associate a flashing light 
with injury. The use of highly prepared associations may therefore be 
successful in demonstrating backward conditioning when the use of less 
ineffective. 


tonomic conditioning, 
and preferences can 


-US interval, but 


"?Kimble, Conditionin 
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long, the delayed procedure generally produces more effective condition- 
ing than the trace procedure. To some extent the delayed procedure pairs 
the CS and US at a variety of CS-US intervals, including the optimal inter- 
val. This could certainly account for the superiority of the delayed proce- 
dure to the trace procedure. However since the onset or offset of a stimulus 
attracts more attention than the middle of a prolonged stimulus, even with 
à delayed procedure, the interval between CS and US onsets is important. 


INTERMITTENT PAIRING 


You are driving on an interstate highway at 85 miles an hour. Suddenly 
you see a state police car parked beside the road ahead. You immediately 
apply the brakes and slow down because you have learned there is a very 
high probability that the police will give you a ticket if they catch you going 
at that speed. Most people also slow down when they encounter warning 
signals for sharp turns accompanied by low posted speed limits, because 
attempting to take a turn at too high a speed can cause a car to go out of 
control. 

By contrast, consider the behavior of drivers when they encounter warn- 
ing signals for a construction zone accompanied by signs to slow down to 
some lower speed limit. The vast majority of them make little change in 
Speed, because such warnings are only very rarely accompanied by any 
actual need to slow down. Construction signs tend to get posted at the 
beginning of an extended period of work on a section of highway and to be 
left there for a long time, during only a tiny fraction of which there is any 
need to impede the normal flow of traffic. The CS is only infrequently 
paired with a subsequent US, and so the strength of the condinonimg is very 
low. Since the police rarely enforce lower speeds through construction 
zones, about the only reason the conditioning has any strength is because of 
generalization from the need to obey other signs and regulations. 


Acquisition: Learning and Performance 

h classical conditioning is very likely involved in our driving 
lso highly influenced by higher-level cognitive 
tudy of classical conditioning has 


Althoug 
behavior, such behavior is а 


learning. Nevertheless, experimental s yr ] ' 
demonstrated that intermittent reinforcement substantially interferes with 


the nditioned responses by producing a lower final 
Heime pi ав of the CR to the CS, and possibly also by 
reducing the rate of approach to the asymptote (though such an effect on 
learning rather than performance 15 not established). n 3 

A good example of the effects of intermittent panna pt CS and US 
9n both learning and performance 15 provided in a study by Ross of human 
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eyelid conditioning." The CS was a light flash, the US a brief air puff 
delivered to the right eye, the CR an eyeblink. There were two pairing 
conditions: continuous (C condition) and 50 percent intermittent (/ condi- 
tion). In the continuous condition, the CS was always followed after .5 
seconds by the US, while in the 50 percent intermittent condition, the US 
followed the CS on only half of the trials (using a random schedule). Al- 
though there were only two pairing conditions, five different experimental 
groups were employed, with some groups switching after different num- 
bers of trials from 100 percent to 50 percent or from 50 percent to 100 
percent pairing. The five groups were as follows: group C (100 percent 
pairing for all trials), group J (50 percent pairing for all trials), group C 100 
I (100 percent pairing for the first 100 trials followed by 50 percent pair- 
ing), group C 207 (100 percent pairing for 20 trials followed by 50 percent 
pairing), and group / 40 C (50 percent pairing for the first 40 trials fol- 
lowed by 100 percent pairing). The results are illustrated in Figure 3-3. 
Ross's results reveal a number of differences b 


etween continuous and 
intermittent pairing in classical conditioning. Ross 


apparently ran a suffi- 
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ciently large number of trials for all groups to reach asymptotic levels of 
performance. If so it is clear that the asymptotic level of performance is 
substantially higher for group C (continuous pairing) than for group J 
(intermittent pairing) in this classical conditioning task. This difference in 
terminal level of performance after extended acquisition training is charac- 
teristic of most studies of intermittent pairing in classical conditioning, 
although there are a number of exceptions.!* 

Second, Ross's study demonstrates that after group C 100 7 reached 
asymptotic performance under 100 percent pairing, switching them to 50 
percent pairing produced an immediate drop to an asymptote appropriate 
for the 50 percent condition. Such immediate shifts indicate that the 
asymptotic difference in percentage of CRs in the two conditions may be 
Occasioned more by performance factors such as motivation than by the 
degree to which the organism has learned the association between CS and 
US 


Third, switching group / 40 C from 50 percent to 100 percent pairing at 


an earlier stage of learning, the 50 percent group requires a substantial 
number of learning trials before it catches up with the 100 percent group. 
Also, an early switch from 100 percent to 50 percent pairing produces a 
higher level of performance of the CR in the C 207 group than in the 7 
Broup that appears to persist for 50 trials under the 50 percent condition. 
Such effects suggest a substantial retardation in rate of learning in the 
intermittent condition when compared to the continuous pairing condi- 
tion. Unfortunately there is no group in Ross's study that demonstrates 
how rapidly performance would switch from 50 percent to 100 percent 
after learning has reached asymptote in the 50 percent condition. An im- 
mediate switch would indicate that the 50 percent pairing condition pro- 
duced learning at asymptote that was as strong as the 100 percent condi- 
tion, the performance being lower only because of motivational or atten- 
tional factors. . UCM ; D 
In summary, it appears that intermittent pairing in classical conditioning 
often produces a lower asymptotic level of performance of the CR than 
continuous pairing, but that the difference is the result of motivational or 
attentional factors rather than differences in associative strength. However, 
the rate of learning is slower for intermittent than for continuous pairing. 


Extinction 

It is difficult to compare the rates of extinction following acquisition 
under continuous and intermittent pairing in such a way that the differ- 
ences cannot be attributed primarily or solely to the differences in terminal 
level of acquisition. The complexities of this problem are beyond the scope 


‘See review by Mackintosh, р- 72-75. 
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of this book, but on the whole it would appear that intermittent pairing 
during acquisition in classical conditioning tends to retard the rate of 
extinction.!? One of the clearest demonstrations of this is a study by Hart- 
man and Grant in which the 100 percent pairing condition produced a 
higher level of performance of the CR than various intermittent pairing 
conditions at the beginning of extinction (end of acquisition), but crossed 
over the intermittent conditions after a number of trials to produce a lower 
level of performance later on during extinction.2° 


INHIBITION 


There are both excitatory and inhibitory synapses in the nervous system. 


Excitatory synapses are Synaptic connections that tend to increase the state 
of activation of the postsynaptic cell, and inhibitory Synapses are synapses 
that tend to reduce the state of activation of that cell. Inhibition is so 
he nervous system that an account of learning 
us degrees of excitatory connection between nodes 
incomplete. Pavlov placed considerable emphasis 
] development of classical conditioning, and Rus- 
ue to be interested in inhibitory phenomena, but 
psychologists have neglected the topic. 


sian psychologists contin 
until recently, American 


Neural Inhibition 


n versus extention of the limbs, expira- 
tion versus inspiration in breathing, sleep versus waking, and hunger ver- 
$us satiation. Second, there are antagonisms between centers that are not 
specifically paired —for example, antagonisms of one drive (such as fear) to 
a variety of other drives (such as thirst, hunger, sex). Third, there is 
unidirectional inhibition, in which one center exerts inhib 
other centers, but these 


nervous system. 


nhibits all of its 
Ibid. 


2T. F. Hartman and D. А. Grant, * 
Extinction, and Spontaneous Recover 
perimental Psychology, 1960 (60), 89-96. 

*1J. Konorski, “< 


Effect of Intermittent Reinforcement on Acquisition, 
y of the Conditioned Eyelid Response.” Journal of Ex- 
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neighbors, usually in proportion to their proximity. Lateral inhibition is 
found in both sensory and motor systems. One example is in the eye, where 
lateral inhibition serves to sharpen the contrast between lighter and darker 
areas, when neurons stimulated by light exert maximal inhibition on 
nearby neurons in proportion to the activation of the inhibitory neuron. 
This reduces the rate of firing in neighboring neurons that are not so 
brightly illuminated, which in turn causes a release in the normal level of 
lateral inhibition that these less activated neurons exert on the more acti- 
veted neurons. The result of all this is a greater difference (enhanced 
Contrast) in the rates of firing of visual neurons at the boundary between 


lighter and darker regions. 


Unconditioned Inhibition 


External Inhibition. Performance of a CR is reduced in magnitude or 
probability of occurrence by presentation of a strong (attention-getting) 
extraneous stimulus.?? Thus, conditioned salivation to a light will be re- 
duced in strength by simultaneous presentation of a loud noise, as will 
performance of a leg flexion CR under the same conditions. This may have 
an attentional explanation (the extraneous stimulus reduces the strength of 
the CR by attracting attention from the CS) or the extraneous stimulus may 
initiate an orienting response and activation of this response node laterally 


inhibits all other response nodes including the CR. 


Disinhibition. An extraneous stimulus presented during the extinction 
of aCR tends to reduce the extent of the extinction and to restore to some 
extent the performance of the CR.23 Such disinhibition is difficult to ex- 
Plain in terms of either the stimulus attentional or response inhibitory 
mechanisms suggested for external inhibition. Many have suggested that 
both external inhibition and disinhibition have the common action of par- 
tially reversing or counteracting the ongoing learning process, whether it 
be acquisition or extinction. This attractively simple way of unifying the two 
effects suggests the possibility that external inhibition and disinhibition 
have a common underlying mechanism; but the nature—even the 
existence—of that common mechanism 18 far from clear. 

The phenomena of external inhibition and disinhibition demonstrate 
Once again that extinction is not a reversal of the acquisition process, result- 
ing in a simple reduction in the strength of association between the CS and 
US or CS and CR. Imagine a point in extinction at which the probability of 
Performing the CR is the same as at some point during original acquisition. 
An extraneous stimulus presented to an animal during acquisition pro- 


22 Pavlov, Conditioned Reflexes. 
bid, 
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duces a reduction in the performance of the CR (external inhibition). Pre- 
sentation of the same extraneous stimulus at the comparable point during 
extinction produces an increase in the performance of the CR (disinhibi- 
tion). These unconditioned inhibitory phenomena in conjunction with 
spontaneous recovery and other phenomena led Pavlov to conclude that 
extinction involved some additional (inhibitory) process rather than being a 


simple reduction in strength of the trace established by the acquisition 
process. 


! Conditioned Inhibition 


Conditioned inhibition has been of considerably greater interest to 
psychologists than unconditioned inhibition and the subject of considerably 
more research. The typical paradigm for demonstrating conditioned inhib- 
ition in classical conditioning is to pair the conditioned stimulus (C) with the 
unconditioned stimulus (U), but when C is accompanied by a conditioned 
inhibitory stimulus (7), the compound is not followed by U. Under such 
conditions, many organisms learn to produce the CR in the presence of C, 
but not to produce it in the presence of the compound C + J, 

The concept of condition inhibition was first developed and experimen- 
tally demonstrated in Pavlov's laboratory. 


CS for a salivar 


€ and the food US was withheld. 
U. After a number of trials the salivary 
nished, though the horn CS alone could 
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the learning of a CR to a previously neutral stimulus 4 (produced by pair- 
ing 4 with the US). Pairing a conditioned inhibitor with a US produces very 
substantial negative transfer, that is to say, the rate of acquisition of aCR toa 
previously inhibitory stimulus is extremely slow.?* 

As previously discussed, one way to establish that J is an inhibitory 
stimulus is to consistently fail to pair 7 with U under conditions where some 
other stimulus C is consistently paired with U; however such a perfect 
negative correlation is not necessary to establish 7 as a conditioned in- 
hibitor, Any substantial degree of negative correlation between J and U will 
result in 7 becoming a conditioned inhibitor of the CR related to {7.2% 

The generality of inhibition produced by a conditioned inhibitor has not 
received much systematic investigation, but Konorski presents rather con- 
vincing evidence that the inhibition is relatively specific to a particular US 
and its associated CR, rather than a general inhibition of all responses.?? 
Furthermore, the Russian psychologist Asratian demonstrated that when 
two responses have been conditioned to the same CS, it is possible to extin- 
guish or inhibit one of the responses while retaining the other.?? This 
indicates that the inhibition must be specific to a particular US, its as- 
Sociated CR, or both, rather than being an inhibition of the CS node or a 
general inhibition of all responses or all conditioned responses. 

After conditioning has reached a high level, in the delayed or trace 
Procedure, when the onset of the CS precedes the onset of the US by 
Several seconds, dogs will often delay the performance of the CR until near 
the end of the CS-US interval. Pavlov called this delay of the CR until just 
before the onset of the US inhibition of delay, and it has been widely repli- 
assical conditioning with many species.?! Recently 
method to support Pavlov’s claim that the 
f the CS-US interval does act as a 


cated in many types of cl 
Rescorla has used the summation ! 
Onset of the CS and the early part О 
Conditioned inhibitor.?? 


WHAT IS LEARNED 


e emphasized that whatever conditioned 


In the fi it should b 
irst place it shou » 
P ator of the strengthening of associa- 


response is measured, it is only an indic 
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tions between central nodes, perhaps between CS and US nodes Ө pound 
CS and CR nodes. In most classical conditioning situations, one can c ed 
to measure a variety of different emotional and behavioral responses tha 
will be changed by the CS in probability, ma 
tion. What is being learned in classical con 
association of a CS to one particular CR, bu 
the US or CS to a set of CRs. 


There is evidence supporting the hypothesis that what is learned in Wo 
sical conditioning can be an association between nodes that represent ini 
CS and US. Such evidence was obtained by presenting aCS, such as a in 
followed by shock to the leg, while the organism is paralyzed th rough aie i 
the drug curare. Curare prevents muscular response by blocking synapne 
transmission at the neuromuscular junction, which is the connection from 
the motor neurons to the muscles. Pairing while the organism is prevented 
from making skeletal motor responses nevertheless produces classical con- 
ditioning as measured by skeletal motor CRs made after the effects of the 
drug have worn off.?? Fy ically conditioned responses can 
be extinguished whi vented from performing the CR 
mple, a leg flexion response to à 
€g can be extinguished by 
eries of trials in which the 
rom making the response by curare or mechanical 
restraint. Extinction is demonstrated by the lowered probability of re- 
sponding to the tone when the curare or mechanical restraint is removed. 

Of course, this is no proof that the CS node is not directly associated to 
Some central skeletal CR nodes (even though the CR cannot be performed) 

(emotional responses are not prevented by cu- 


monious to assume that what is learned in this 
een the CS and US, 


gnitude, or latency of elicita- 
ditioning is not primarily the 
t the association of the CS and 


animal is prevented fi 


r ion, supports the capacity to 
form associations betwe i - Thus, both 5-5 and S-R 
associations are probabl i i i 


similarity between the CR and the UR, 


shock in an 
See review by Mackintosh, р. 79-81. 
“See Mac kintosh, p. 100-109, 
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open cage is flinching followed by jumping or prancing, but the response 
conditioned to a tone that predicts shock is freezing or crouching, and the 
similarity between CR and UR is irrelevant to the demonstration of classical 
conditioning. Certain components of the CR and UR may be highly similar 
qualitatively and differ primarily in quantity, such as conditioned salivation 
or conditioned leg flexion, but when these responses are examined in de- 
tail, especially with respect to temporal patterning, and when multiple as- 
pects of the CR and UR are examined, it is clear that they generally differ 
both qualitatively and quantitatively. | 

There is nothing surprising about this, nor is it inconsistent with the 
assumption that the CS becomes associated with the internal representative 
of the US, but it does force a clarification, which is perhaps best illustrated 
by an example. Through classical conditioning you may associate the sight 
of certain foods with their taste, but the sight of these foods does not come 
to have an equivalent internal representation as their taste. That is, you can 
still distinguish the sight of food from its taste, however strongly they may 
be associated. Nor do dogs generally bite, chew, and swallow a light CS after 
associating it with food (though they do occasionally lick the light). These 
are but examples of the important general principle that normal people, 
and lower organisms as well, can distinguish their thoughts from sensory or 
motor reality. No one knows for sure how this distinction is represented in 
the nervous system, but one simple way is illustrated in Figure 3-4. 

In Figure 3-4, the CS’ and US' stand for the internal representatives of 
the conditioned and unconditioned stimuli actually occurring as sensory 
events. These nodes are activated only by appropriate sensory input, and 
their associations to and from other internal representatives cannot be 

—ÁÓ 
"undi с" 


ar Ph 


shock 
tone 


e internal representation of the important stimuli and 
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modified. The CS and US stand for the more abstract idea representatives 
of the CS and US that can both be activated by appropriate peripheral 
input and central associative input. From Figure 3-4 we can see that it is 
quite possible for conditioning to involve an association between internal 
representatives of the CS and US at an abstract level without the CR neces- 
sarily being identical to the UR. 

Successful adaptation to event se 
using advance warning signals to el 
earlier elicitation of responses high 
is not the only profitable 
system of at least highe 
classical conditioning fo 
tion. 


quences may frequently be afforded by 
icit the same response earlier. However, 
ly similar to the unconditioned response 
way to make use of warning signals. The nervous 
r organisms appear to possess the ability to use 
r somewhat more flexible preparation and adapta- 


Response Generalization 


ten evoked, albeit typically with lower 
mple, Kellogg reported that after condi- 
hock to the right hind foot of a dog, each 


casionally made a flexion CR to the buzzer.” 
easonable orderin 


tioning with a buzzer followed by s 


t easily produced when the original CR is 
n other responses may be considered by the 
organism to be functionally eq p : pice cR. For 


| at normally made a flexion CR to 
8 lifted another foot to the CS.36 


amplitude flexion elicited at 
t before the occurrence of the 
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HIGHER-ORDER CONDITIONING 


Eric is an imaginary friend of mine. He is only six years old, but already 
he is afraid of the dark because his older brother has a habit of scaring him 
in the dark. Because he is afraid of the dark, Eric insists on sleeping with his 
bedroom door open to the lighted hall. One weekend Eric went to stay with 
his aunt, who had no patience with Eric's fear of the dark. She insisted that 
he sleep in a completely darkened room with the door closed. Her attitude 
was approximately, “ГЇЇ get rid of that foolishness. Eric s experience that 
weekend did not extinguish his fear of the dark; what it did was make him 
afraid of his aunt. Since his aunt was paired with being forced to sleep in а 
dark room, Eric’s fear of the dark transferred to his aunt, a homely exam- 
ple of second-order classical conditioning. pe 

In formal experimental terms the procedure for demonstrating second- 
order classical conditioning consists of three stages: First, a stimulus, Si, is 
paired with some US until classical conditioning has been established. Sec- 
ond, another previously neutral stimulus, Soy 15 paired rx Eod deo 
in the forward 5-5, order for a number of trials. тай us ility s: 52 to 
elicit the CR previously elicited by S, is tested by presenting e ve е 
Second-order conditioning of S; to a fear CR can be gee зал ш ы y by 
the extent to which presentation of S; interferes иш x ormance oi some 
ongoing operant such as bar pressing to obtain a А ш nd 
perform the appropriate controls to determine t аб оез по sia E e 
CR in the absence of S,-US and 52-5, conditioning. = is, оп € 
je nditioning, like first-order conditioning, is two-contingency associative 
€arni : 

Sao border classical conditioning is more difficult MURS than 
first-order classical conditioning, but it has been gban de p= oe 
tive CRs such as salivation to food and aversive CRs such as ме) tis “4 
hard to understand why it is difficult to erre ie de ni m con а 
tioning, since it is almost exactly equivalent to the em. du «a à 2 
as a conditioned inhibitor of the CR, namely, 5, “| o rue mig e US, but 
5, +S, is not followed by the US.38 Thus, in secon я e OS aoa one 
May be pitting a chain of excitatory ag oom Жоке A iin a 
direct inhibitory connection (8:05). Арран у ому ee han the 
Under which the excitatory association 15 SU, icie r ne СЕ 
inhibitory association that — ета classical condi. 

In principle one might demonstrate even hig! 1- 
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tioning by adding another stage in which 55 is paired with S,. However, not 
surprisingly, it becomes harder and harder to demonstrate such higher- 
order conditioning. Because of the successful demonstration of second- 
order conditioning and sensory preconditioning (discussed in the next sec- 
tion), we assume that all higher-order conditioning occurs in the sense of 
associating S,,, to S,, but getting this to produce a CR 105 

What is learned during the pairing of S? (Eric's aunt) and 5, (a dark 
bedroom) in second-order conditioning? Rescorla has outlined three dif- 
ferent possibilities:?? First, there is the S2-S, possibility, in which what is 
learned is an association between S, (the aunt) and S, (dark room), and 
since 5; (the dark room) is associated with the expectation of the US 
(danger) and the US is associated to the CR (fear), 5 (the aunt) can elicit the 
CR (fear) by mediation through a chain of intervening associations: 
S2-S;-US-CR. Second, there is the 52-05 posibility, in which the S2 (the 
aunt) becomes directly associated to US (danger) which is associated to the 
CR (fear), truncating the chain somewhat by comparison to the first theory. 
Third, there is the S,-CR possibility, in which S, (the aunt) becomes directly 
associated to the CR (fear). These possible associations are all illustrated in 
Figure 3-5. 

In a series of ingenious experiments, 


that during second-order fear conditioning, S, (the aunt) becomes directly 
associated to the CR (fear). Rescorla disc 


iate ounted the ssi 5,-5 
association by showing that S, can still elicit the taneh Ану m ‘the 
association from 5, to fear has been extinguished by presenting S, without 
the US. He discounted the necessity of the S,-US association bya somewhat 
less direct procedure that involved habituation of the response to the US 


1+1 is very difficult. 


Rescorla has provided evidence 
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(which was a milder noise warning signal rather than a shock to initiate а 
fear response). Such a habituation to the US retards first-order condition- 
ing of S, to the fear CR, but it has no effect on second-order conditioning. 
Thus, the capacity of the US' to elicit the fear UR is not critical to the 
continued performance of a second-order fear CR. Figure 3-5 shows that 
this last demonstration does not definitely rule out an S2-US-CR chain. 

Thus, although the S2-S, and 5-05 associations are probably formed, 
there is also probably a direct association formed between S, and the CR (or 
possibly S,-US-CR). Under the conditions of Rescorla's experiment, the 
direct connection from S; to the CR demonstrates second-order fear condi- 
tioning even after fear of S, was extinguished. Thus, Eric may remain 
afraid of his aunt after he loses his fear of the dark. 


SENSORY PRECONDITIONING 


What would have happened had Eric visited his aunt before he became 
afraid of the dark? Let's assume that he slept in a darkened room with the 
door closed at his aunt's house in the same situation, and that he remem- 

€rs this fact about visiting his aunt. After he becomes afraid of the dark, 
Will Eric be afraid to visit his aunt? If Eric has learned and remembered the 
association between visiting his aunt and sleeping in a dark room, he may 
Indeed be afraid to visit his aunt, even though the order of the two associa- 
tons is reversed from the prior example. 

The learning that occurs when S» (the aunt) and S, (dark room) are 
paired prior to associating S, with a US (danger) is known as sensory precon- 
ditioning. Sensory preconditioning is somewhat more difficult to demon- 
strate than second-order conditioning, and it may be of a lesser magnitude, 
but it is demonstrably a reliable phenomenon. 

_In Sensory preconditioning, extinguishing the 52-5, (aunt-dark room) 
link also extinguishes the capacity of S, (the дшш) Юю euet к ear AA 
hat is learned appears to be a chain of associations irem, Об and from 
8, tOUS or the CR rather than direct association from S2 to US or the CR. 
his chain of associations is illustrated in Figure n шеш aH RE pers 
Not have been conditioned to 3» during the pairing of 5 d 597 = 
result is not surprising. However е RONDE pe ei ao ет 
81-05 (dark room-danger) conditioning, Sı evoke бе C e nunt) via. a 
ackward association, which caused $z to һБесоше associated directly toithë 


CR (fear). Apparently this does not happen. 


7 sk iations in Second-Order Conditioning and 
lbid. В. C. Rizley R. A. Rescorla, Associ 7 å 7 ja 

g sory be ге, Journal of Comparative and Physiological Руы 1 pre (81), 1-11, 

See also review byG 3b Mind in Evolution. Boston: Houghton Mifflin, 1971, pp. 186-207. 


40g 
"See Mackintosh, p. 100-109. 
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Figure 3-6. Model of the internal rep 
ditioning. Note that S2 is only indirectl 


i s 
extinction of the S,-US and S,-CR links will also extinguish the CR to S,. Learned association 
are shown by dashed lines; innate (unlearned) associations by solid lines. 


‚ and is difficult or im 
§ can be demonstrate 
tive species. Rabbits also Һау 


preconditioning (one of many 
experimental validations 


of the truth of 


the popular phrase “dumb 
bunny”). 

There is evidence that attention toS, is of primary importance in sensory 
preconditioning.!! Prior habituation o 


f the orienting response to 5, de- 
rely, but prior habituation of the 


orientation and attention to S, in sensory 
preconditioning is underlined by the fact that using S, stimuli of high 
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hz) will evoke the CR with a probability and/or intensity that decreases 
Systematically with decreasing similarity of the test CS to the originally 
trained CS.‘? A plot of the strength of conditioning as a function of dis- 
tance of the test CS from the originally trained CS is known as a stimulus 
generalization gradient. 


DISCRIMINATION 


If, instead of conditioning a single tone CS to the CR, one employs 
differential conditioning with a 1000 hz tone as the positive CS (CS+) 
followed by the US and a 2000 hz tone as the negative CS (CS—) not 
followed by the US, then organisms will come to produce the CR in re- 
sponse to the CS+ and withhold (inhibit) the CR in response to the С$—. 
This capacity for discriminative responding in classical conditioning results 
from the capacity to establish the CS— as a conditioned inhibitor, as dis- 
Cussed previously. Furthermore, the generalization gradient obtained. for 
differential conditioning will also be somewhat steeper and asymmetrical, 
falling off more sharply in the direction of the CS — than in the opposite 
direction, away from the CS—.?? Even the peak of the gradient may be 
slightly displaced away from the CS + in the direction opposite from that of 
the CS—, All of this suggests that the CS— has an inhibitory generalization 
gradient around it that summates with the excitatory gradient around the 
CS + yielding the net tendency to produce the CR. Generalization and 
discrimination will be discussed in more detail in conjunction with instru- 


Mental conditioning. 


SUMMATION 


When two CSs that have been separately conditioned to the same CR are 
Presented together, the probability or intensity of the CR is often greater 
than to either stimulus alone.*4 If the two excitatory CSs lie on the same 
dimension. such as tones of different frequency, and if each CS + produces 
an €xcitatory generalization gradient around it, it ought to be possible to 
Produce summation of the two excitatory generalization gradients for in- 
termediate stimuli. Moore has demonstrated just such an effect in condi- 
tioning rabbits to tones of 1200 and 2400 hz and obtaining a summation 
effect in the form of a greater frequency of performance of ше CR to an 
Intermediate CS of 1600 hz than to either of the original CSs. 


an Reflexology. ие | 
dies of Auditory Generalization in Rabbits," in Black 


206-30. 


"Bekhterev, General Principles of Hum 
asd W. Moore, "Stimulus Control: Stu 
"m rokasy, Classical Conditioning 1L рр: 
Kimble, onditioning and Learning, p- 87. 
“Moore, 


timulus Control.” 
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OVERSHADOWING 


Pavlov found that when two stimuli, such as a light and a tone, were used 
as a compound CS in classical conditioning, the more salient (noticeable) of 
the two can often overshadow the less salient and reduce the capacity of the 
less salient stimulus to elicit the CRS Specifically, if U is the US, M the 
more salient CS, and L the less salient CS, overshadowing has occurred 
when the strength of the L-U association is less following conditioning with 
the compound M + L as the CS than with the single stimulus L. Pavlov 
concluded that the stronger of two component stimuli would overshadow 


the weaker stimulus to varying degrees depending upon the relative inten- 
sities of the two stimuli. 


he likelihood of its becoming a CS 


t t 1 ning. A greater novelty or a greater 
innate capacity to be interesting (whatev 


two conditions.*? In both 


?*Pavlov, Conditioned Reflexes. 


"^. К. Wagner, F. A Logan, K. Habe 
“ALR. W > FLA. L ‚К. rlandt, ice, "Sti ion i i 
Discrimination Learning.” Journal of Experimental Poola S aues ала 


1968 (76), 171-80. 
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CS without the other. In most classical conditioning studies, however, over- 
shadowing has more frequently tended to be unidirectional—that is one of 
the stimuli is more salient than the other, and partially or completely over- 
Shadows it, and there is no tendency for the less salient stimulus to over- 
shadow the more salient.*8 


BLOCKING 


The degrees to which stimulus element B overshadows stimulus element 
А in AB com pound training depends upon the relative salience of B, which 
is largely determined by its predictive validity. Therefore it would appear 
that prior training with B alone, in which B was established as a consistent 
predictor of the US, would increase the salience of B and thus create 
Breater overshadowing of 4 during subsequent compound AB training. 
Such learned overshadowing, first demonstrated by Leon Kamin, was 


Sven the name blocking.*? 


CONFIGURING: CHUNKING IN CONDITIONING 


In Chapter 1 we discussed the important capacity of human associative 
Memory for chunking, which is the ability to form vertical associations from 
‘wo or more existing nodes to a new, previously unspecified node. This 
results in the new chunk node standing for the set of constituent nodes. 
Largely as a result of work by Russians on configuring of compound con- 


ditioned stimuli, there is evidence that a capacity for chunking also exists in 


Some Species of animals below man. For the last 40 years, about the only 


American psychologist who appears to have appreciated the theoretical 
Significance of configuring has been Gregory Razran. —-— 
Successful demonstration of configuring (chunking) requires that a 
Compound of two or more stimuli produce a CR that the constituents of 
that compound have no ability to elicit above qon im evel vl simplic- 
Пу let's consider а compound composed to two Rin Si an $5, that 
together elicit the CR, but that separately have no such capacity. In the 


: i d Conditioning," in B. A. Campbell and 
"5L. J. Kamin, “Predictability, Surprise, Attention ап à у Жыз ic r 
R. M. Ge E 1 o9 үз апа Pilversive Behavior. Englewood e Е ани pan. 1969, 
Pp. 279. GEN T S Vin Ah “An Analysis of Overshadowing." Quarterly Journal of Experimen- 
Е -96. №. J. Mackintosh, f ) 


lal Psy j 99 -95 РЕСЕ 
E iso 1 971 (23), iB s hacan Classical Conditioning,” in M. R. Jones (ed.), 
^. J. Kz we -Lik "er 7 іаті: versity of Miami 
Miami i арі, олы a ek of Behavior: Aversive Stimulation. Mi uia eray E. Miami 
Press 1968 pp. 9-33. Kamin “Predictability, Surprise, vid e end 


50 ; ^ $ is section w 
op- Almost all the material discussed in this se 
207.93. 


as taken from the review by Razran, pp- 
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absence of any plausible attentional or motivational-performance explana- 
tion, it seems most plausible to assume that S, and 5, have formed vertical 
associations to a chunk node that stands for the compound. This chunk is 
associated with the CR, but the constituents hay 


tion to the CR. This situation is illustrated in F 
There are two basic 


€ no net excitatory associa- 
igure 3-7. 
procedures for obtaining configuring. The first, 
called differential contrasting, involves pairing the compound CS with the US, 
and on other trials presenting each component without the US. Such a 
procedure explicitly extinguishes any association fr 
stituents to the CR, by not pairing the components 
There is a second procedure, prolonged condition 
stimulus to the CR without contrasting, that produces configuring with 


surprising consistency. (It should be noted that success in the configuring 
phenomenon requires man 


om the individual con- 
with the US. 
ing of the compound 


using either procedure, there 
idual component to the CR, and 
nfiguring phenomenon obtained, 


ith a US, that organism will proba- 
стем { Ў Д ganis р 
bly have learned what is m ate and will not be forming associa- 
able prior (proactive) and subsequent (ret- 


Figure 3-7. Formation of a chunk ni 
3 ode (S, + 5 ) to st 
configuring experiments. By conditioning. thy г 0 stand for the compound S, and Sz in 
е . thi 1 
without any 9. this chunk node can be 


direct association from the S, or 5, associated to the CH node 


nodes to the CR node. 
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about four times as many trials to inactivate constituents with successive 
configuring than it does to inactivate constituents with simultaneous con- 
figuring. 

That configuring is a higher form of learning has been demonstrated by 
both phylogenetic comparisons and the results of brain lesions. By and 
large primates configure much more rapidly than dogs, dogs more rapidly 
than rabbits, guinea pigs, hedgehogs, etc. Most mammals configure more 
rapidly than birds, but some species of birds (crows, for example) are 
Superior to some species of mammals (the dumb bunnies again). Although 
there have been successful demonstrations of successive configuring in a 
couple of fish under the differential contrasting procedure, the general 
rule is that fish and amphibians do not configure. | f 

Although elementary classical conditioning frequently survives lesions of 
the association cortex, both existing configured associations and the capac- 
ity to demonstrate new configuring are apparently destroyed by such le- 
sions. Apparently configuring is dependent upon the association cor tes, 
While simple conditioning may be both retained and acquired after decorti- 
cation, The capacity for chunking is such an important addition to the 
Capacity of associative memory it is tempting to speculate that the basic 
function of the cerebral cortex is to provide just this chunking capacity and 
the associations involving such chunks. -— . . p 

Chunking has also been demonstrated by Astratian?' in conjunetign with 
Context-dependent conditioned inhibition of the following type: In one 
context, C, stimulus А is associated to the performance of one CR (СК) апа 
the inhibition of another CR (CR;). In a different context, D, A is associated 
with inhibition of CR, and the performance of CR;. Since yet ane ыс 
has only been demonstrated in higher animals, it is most p m. E € 
5ume that this takes place through the formation us chun йб es 
representing C 4 A and D + 4, which can have different associations 


Without disastrous interference. 


SUMMARY 


i viani in an organism’s behavior (perfor- 
l. Classical conditioning is a change in an O78 нутри ko It of 
mance of a CR) in response to a stimulus (the CS) sult o 
: " I . к 
previously pairing with another stimulus (the US). Changes in re- 
Sponse m catéd presentation of the CS (habituation) or of the US 
(селее) must be excluded by comparison to Р ат a 
receiving an equal number of unpaired occurrences o Ше 2$ and US. 
2. Extin S. is elimination of the CR as a response to the CS that results 
S ction is ah h Я 
for repeated presentation of the CS not paired with the US. 


= 1 itioned Inhibition." 
"Asratian, "Genesis and Localization of Conditione 
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Forward conditioning (CS then US) produces a higher level of per- 
formance of the CR than backward conditioning (US then CS), but 


there is evidence to indicate that associations can also be formed in the 
backward direction. 


There are both optimum and maximum tolerable CS-US intervals in 
classical conditioning, but they vary from seconds to hours for differ- 
ent types of conditioning. | 
Intermittent pairing of the CS and US probably retards the rate of 
learning, but prolongs subsequent extinction. 

Extinction is not a simple reduction in 
between the CS and US, but a 
of inhibition of the CR. 


the strength of association 
ppears to result from the development 


A stimulus, /, becomes a conditioned inhibitor of a CR w 
presented with a CS and not followed by the US. 
Inhibition also appears to be res 


hen it is 


ponsible for suppression of response 
to the CS- in discrimination learning and for the delay in the perfor- 


mance of the CR following CS onset with a long CS-US interval. 
Both S-S associations from the CS node to the US node and S-R 


associations from the Cs node directly to the CR node can be formed 
in classical conditioning, higher- 


А огаег conditioning, and sensory pre- 
conditioning. 

Although the CR is usually similar to the UR, there are often some 
diff 


erences, and the CR shoul 
Sponse resulting from anticipa 
Classical conditioning exhibits 
dency for stimuli that are si 


d probably be considered to be a re- 
tion of the US. 


stimulus generalization, which is a ten- 
milar to the CS to evoke the CR. with 
ty the greater the degree of similarity. 

gradient in classical conditioning can be 


te salience or learned icti idity will 
à Predictive validity v 
overshadow or block a less salient Or less predictive CS in classical 
conditioning. 


In higher organisms a compound CS appears to form a chunk or 


16. 
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configuration that becomes associated to the CR after extended train- 
ing, while its components are not associated to the CR. This may occur 
by specification of a new concept node to represent the chunk in a way 
that has important basic similarities to all concept learning in human 
beings. 

Configuring is a form of associative learning that apparently exists 
only in the cerebral cortices of higher vertebrates. 


4 Instrumental Conditioning 


OBJECTIVES 


1. To point out that the three 
conditioning—stimulus, respons 
to classes of events and not to 
sponse class is an operant, a set of responses each of which achieves an 
equivalent result in the external world. | 

2. То describe the different types of i 
punishment, escape, and avoidance training. 

To demonstrate that. instrument 

analogous properties 

parison, the topics an 

the first 16 sections of Chapter 4, 

4. To discuss what is learned in instr 
(a) Thorndike's Law of Effect 


learning hypothesis and (b) a precise statement of the cognitive expec- 
tancy hypothesis, 


à Р CENE А ental 

basic contingencies in instr umenta 
à Р woe 

e, and reinforcement —generally refe 


аР mé Bt 
al conditioning has the same ‹ 

as classical conditionin 
d order of sections of 


umental conditioning, including 


on 


To discuss stimulus generalization 
ing treatment of the im 
tioning. 


and discrimination learning, june 
portant role of attention in instrumental condi- 


ion to classical and instrumental 
А including a di 


7. To discuss the relationship between Classical and instrumental condi- 
tioning and to present two theories—cognitive expectancy and S-R 
reinforcement that provi n integrated understanding of both 
forms of conditioning, 

"Oh, aren't you a nice girl, Ingrid, Sharing your cookie with little Abe! 

Your little brother is going to love yeu so much, and lam very proud of 
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single specific events. The learned re- 


TC -eward 
nstrumental conditioning: reward, 


g. To facilitate this com- 
Chapter 3 are the same as 


as a precise formulation of the S-R 


: ы 5 
autonomic nervous system 
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you. Would you like another cookie?" Add to this scenario generous 
amounts of affection, repeat (somewhat lighter) variations of it several 
thousand times, and vou have some idea of the enormous amount of in- 
Strumental training Ingrid had to overcome to demonstrate normal sibling 
rivalry with her brother. That she still managed to demonstrate it after Abe 
got to be about 2% years of age is testimony to the irascibility of the human 
spirit (hers and Abe's, at least). However, Abe did get 2% years of loving 
bliss, and that wasa pretty nice way to begin life. Compared to the start my 
next younger brother—and many other second children too—get in life, 
Abe was very lucky. No doubt Ingrid was born gentler than I, but of course 
I believe that the instrumental reward training she received for being nice 
to Abe helped somewhat. 

In any event, this training is 
conditioning paradigm. There are 


an everyday example of an instrumental 
three basic contingencies in instrumen- 
tal conditioning: the stimulus (Abe, perhaps all children, or people in gen- 
eral), the response (sharing and other kinds of loving behavior), and the 
reinforcement (parental attention, love, praise, and, in this instance, 
another cookie). Note that in this case, as in almost all examples of instru- 
mental conditioning outside the laboratory, none of the three contingen- 
Cies is identical on every trial. : | . 

The stimulus refers to a class of different stimulus situations that have 
Something in common) In this case it is Abe, but it could be some other 
Person. The more general one wishes the learning of some behavior to be, 
the more general should be the set of stimulus situations in which the 
desired behavior is rewarded. If I want Ingrid to learn to share with. people 
11 general, I should be sure to reward her for sharing with many different 
People of different ages. If I want to be sure that she does not just share 
When she knows I am there to see it, I should be particularly alert for 
Opportunities to reward her sharing when she is not aware of my presence; 
and so on, Fortunately, there is usually considerable (stimulus) generaliza- 
tion of learned behavior beyond the specific situation(s) in which learning 


took place. 
The response refers to a cl 
КЕ nee a ee 
achieve some common objective, suc 


a + г 
nything nice to Abe or even 50 genera 
ion of instrument 


ass of different specific motor movements that 
t h as giving Abe some food or giving 
І a goal as "making Abe happy." 
al conditioning to such a broad 
ng something that makes Abe (or any person) 
арру (smile, laugh, etc)" depends upon à шур n йара 
“arning about what makes Abe (or other peon A PPPI ку наа 
Brow up they acquire ever more complex knowledge and habits that uild 
5 knowledge and habits. 


On ear]; 8 ^ ^ 1 entary 

rlier learning of more elem i enini. 

Lower animals in demonstrate considerable response generalization —that 

is, they dis | Me stone specific sequence of muscle movements when 
not learn Ju nditioned. Response generalization is learning to 

со ы 


Jbvi В 
ai viously, generalizat 
355 of responses as "doi 


they are; 
€y are instrumentally 
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perform any of a broad class of functionally equivalent responses that will 
achieve a certain goal and produce positive reinforcement. Consider a 
monkey that has learned to pick up a square object to find food under- 
neath. Either hand may be used, and there may be considerable variation in 
the exact details of the response from trial to trial. Furthermore, if both 
hands were restrained, a hungry monkey would use its feet, head, or body 
to displace the object and get at the food. The response learned in instru- 
mental conditioning is generally a large class of muscle movements that the 
organism regards as functionally equivalent with respect to achieving a 
certain goal. 

Such a range of responses that achieves a common goal is often called an 
operant (instrumental conditioning is frequently referred to as operant 


conditioning). In instrumental conditioning the organism operates on its 
environment to produce some change. By 
sometimes called respondent conditioning, 


nses in operant conditioning do. 
litioned response is also not abso- 
nge of variation in the CR is typi- 
or instrumental conditioning. But 
ned behavior responses or operants, 
ponses or operants refer to a class 
a specific sequence of muscular con- 
iors achieve a goal of changing the exter- 


hat these res 
than to 
ehav 


ontingency in 
reinforcement or reinforcer 


dest aise, or even a class as broad as "something 
nice”). Many laboratory instrumental conditioning experiments use only a 
single standard reinforcer, such as food pellet, and reinforcer variety 15 
certainly not essential for learning. However, the evidence indicates that 
learning based on a variety i 


r a time. 
we ought to classify reinforcers, but the follow- 


"Мапу psychologists use the term rein 
probability of the responses that produce t я 
reinforcement to refer to reward 
stimuli. Accordin i 
negative reinforci 
find this usa, 


ychologists use the term positive 
to the termination of aversive 
ment, which weakens responses, is not 

nt which is a negative reinforcer. 1 
: 1 ment to refer to either positive OT 
avior. er to either p 
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ing typology expresses the most frequent distinctions: (1) reward (positive 
reinforcement), (2) punishment (here referred to as negative reinforce- 
ment), (3) the termination or withholding of expected rewards (another 
kind of negative reinforcement in my usage), and (4) the termination or 
withholding of expected punishments (another kind of positive reinforce- 
ment in my usage). When withholding an expected reward or punishment 
Occurs in extinction, it is usually called nonreinforcement. However, when 
Such withholding is contingent on certain responses, it can also be used in 
combination with reward or punishment for other responses to teach anew 
habit or to eliminate some component of a previously conditioned re- 
a detailed discussion of positive and negative 
reinforcement in relation to appetitive and aversive drives. For the present 
We shall assume that organisms in a given situation perform responses that 
they associate with positive reinforcement and do not perform responses 
that they associate with negative reinforcement. This chapter is concerned 


With how organisms learn these associations. 


Sponse. Chapter 5 contains 


ACQUISITION: CONCEPTS AND PARADIGMS 


The four basic instrumental conditioning paradigms are usually distin- 
Suished (1) by whether positive (appetitive) or negate Sach € al 
Ing stimuli are used, and (2) by whether the organism Is € тсе от 
making а particular response (emission) or for failing оша is — 
(Omission), The four basic types are the four combinations of these two 


distinctions, 


eward ini 
raining 
es positive reinforcement for emit- 


al pressing or pecking a bar to 
ake the bed to receive praise or 


, In reward training an organism receiv 
"hg an active response: A hungry anim 


Obtain f, Р tho learns to m 

ain food and a child who les ro: isa: dad 

Зе а а einforcement аге examples of the reward training 
ы 


Paradigm, Animals have also been instrumentally eed, ides un 
Such responses as: pulling a string, пишале n e makin à se mum di 
the right or left run at the choice pomme. кз h E of ee doors 
turns in a complex maze, running or jumping © e j^ tepicalivsnitfs and 
ie an animal is first placed s Ago environment "uentudlly i may 

25 and moves around invesug É€ В) ог exam es: 
accidentally make the response to be rew peeves ers S alr 

е bar or go to the other end of the Sn pe tend to perform the CR 
pellet. On subsequent trials, the animal wi!" In a choice task, such as the 
*°oner—that is, with reduced response ont with higher probabilit А 

maze, the animal will make the correct respons y 


Or д И 
1 Subsequent learning trials. 


other positive 
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| Escape and Avoidance Training 


In escape and avoidance training, an organism learns to emit a esci 
in order to escape or avoid some aversive stimulus. Examples of t ea 
paradigm include: a dog learning to jump over a barrier or © р н 
through a door in order to escape or avoid electric shock, a pigeon lear n 8 
to peck a key or a rat to press a bar in order to avoid shock or a loud noise. 
In an escape paradigm the aversive stimulus is 
tion, and the response to be le 
paradigm the aversive stimulus w 


already present in the situa- 
arned will terminate it. In an avoidance 
ill be presented after some period of time 
unless the response to be learned is performed. Avoidance paradigms are 
more complex than escape paradigms.? In avoidance conditioning the or- 
ganism is thought to learn the association between the stimulus situation 
and the subsequent aversive stimulus by a classical conditioning process. 
The stimulus situation then becomes a danger signal, which the organism 
learns to escape by performing a particular response. 


Omission Training 


Omission training consists of rew 


arding an organism for failing (omit- 
ting) to perform a particular respon 


Se. For example, for every fifteen verd 
key, it might be rewarded with food. 


vestigated, except for a recent series of 
ues.3 


Punishment Training 


In punishment training some overt response an organism already emits 
to a stimulus (in a situati i ished by presentation of some aversive 
stimulus. The punish is typically established by learning, but it 
i response elicited by cues in the stimulus situation. A rat 


ck a tube to obtain water reinforcement might sud- 


?*D. H. Mowrer and R. R, Lamorea 
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onditioning and Signal Duration: A 
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fu the ae and Instrumental Lear ig.” Psychological Review. 1967 (74), 151-82. R. C- 
olles, "The Avoidance Learnin Problem G. } )w Fhe Psy ўя earning 
and Motivation, Vol, 6. New York Arado Pies E Ed Eh LE 
"A Cognitive Theory of Avoidance 1, 
Approaches. 
*C. N. Uhl and E, E. Garcia, "Comparison of C 
tion in Rats." Journal of Com sí à zi s 
and W. O. Sherman, "Comparis ке мны ыш Peicholegy, 1969 (69), 5 
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ing Amounts of Tr 


in R Journal of Comparative 
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and Physiological Psychology 
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denly be punished by electric shock for licking the drinking tube. The rat 
must learn to refrain from licking to avoid punishment. As an example of 
punishing a response that is probably innate, rats have been punished by 
electric shock for stepping down from a small platform onto a grid floor. 
Such punishment typically produces a large amount of learning on the first 
trial. A frequently used measure of learning in this task is the latency with 
Which the rat steps off the platform. In one such experiment performed by 
Chorover and Schiller the median latency of stepping down was 1.6 sec- 
onds on the trial just before punishment. After one punishment, the me- 


dian latency increased to 30 seconds.* 


Free Operant Versus Discrete Trials 


An animal in a Skinner box is usually free to make a response at any time 
(e.g., press a lever) and receive reinforcement (e.g. a food pellet). In such 
free operant tasks, a response does not remove the animal from the situation. 
By contrast, a dog placed in a shuttle box where it must jump ove ra barrier 
to escape or avoid electric shock is operating on a discrete trial basis. Once 
ation, it must make a response within some 
ck. Similarly, a rat on a Lashley jump 
at the beginning of each discrete 


the animal is placed in the situ 
period to escape or avoid the sho 
Stand is plac starting platform 
trial Mer een read е of two doors. One of His doors is open 
and may lead to food, and the other is locked and produces the punishing 
xperience of bumping into a locked door and falling into a E below. In 
discrete-trial tasks, we measure the strength of conditioning by the proba- 

ility, amplitude, or latency of the CR on each trial. In е operant tasks, 
we measure the strength of conditioning by the rate is which е 18 per- 
formed. In each case we must remember that per formance is a function of 


attention and motivation as well as of learning. 


Shaping 
Psychologists who study operant conditioning Poe gue very 
Clever training techniques. Basic to these is proba rs tapang, Fr of 
dropping a pigeon into a Skinner box and waiting bor it e pec a key 
efore administering reinforcement, the eperen AT хе st anu] 
and initially reinforces it for standing in the part of th ag à ir eatin 
ably close to the key. Once the pigeon has begun to a. E ey, it 
I5 reinforced only for holding its head ina es е уз ле 
£y. The range of possible head positions 15 шеп i ац a "ges is 
as to converge on the key. After such behavior eda E » wa s. е s 
are delivered only when the pigeon pecks (anyw y he 
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key). This is followed by a narrowing of the acceptable pecking targets 
i e key. o. 

Ec this can greatly enhance the speed of арта 
for instrumentally conditioned responses with a low a priori probabi ye 
being emitted. Shaping has considerable practical significance in tr aiming 
animals and possibly also young children, though in all but the young : 
children verbal instruction is usually a much more efficient method thar 
shaping for eliciting initial responses. 


EXTINCTION 
Extinction of Reward Training 


a response in Бабино 
а compound CS in classical conditioning, ang 

ssical conditioning. Following 
al conditioning consists of failing to 
hen the organism performs the previously 
tuation. As was true in classical conditioning, 
ually reduces to zero the probability that the subject 
nce again, extinction is much faster than forgetting 


this analogy, extinction in instrument 
present the reinforcement w 
conditioned response in the si 
such a procedure event 
will perform the CR. O 
for eliminating instru 
independent occurre ei 5 extinction retards the 
presentation of the US retards the rate of 
al conditioning. In general, the less the situation 15 
sition to extinction, the slower the extinction, but since 
nd to many of the attributes in the experi- 
from acquisition to extinction has 


_ f response-independent rel 
forcement on extinction, Uhl hz ed that deliberately rewarding 
; 20 seconds is less effective in 
eliminating the Operant tha 
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performance.* So if the parents of an overly demanding child want that 
child to learn to demand less attention, these results suggest that a complete 
withholding of attention might be a slightly more rapid way to reduce 
demands for attention. However, since a conscientious parent will eventu- 
ally want to give the child a great deal of attention, a more effective tech- 
nique might be to deliberately reward the child for refraining from such 


demands for a modest period of time. 


Extinction of Escape and Avoidance Training 


What constitutes an extinction procedure for escape and avoidance train- 
ing that is analogous to that used in reward conditioning? A traditional 
extinction procedure in escape and avoidance conditioning has been to 
eliminate completely the possibility of the aversive stimulus: no aversive 
Stimulus is presented regardless of whether or not the organism performs 
the operant. Many studies have shown that avoidance responses are much 
more difficult to extinguish than comparable escape responses. They are 
also generally much more difficult to extinguish than reward-conditioned 
responses. 

However, there is substantial re 
removal of the aversive stimulus const ] e 
мни ене, conditioning: Rather, the appropriate es uncHentpro- 
Cedure is to present the aversive stimulus independent z the operans 
Performance. Such a procedure produces far more e n of 
avoidance conditioning than is produced by the more | extinction 
Procedure. Extinction following avoidance training will be iscussed in 


More detail in Chapter 5. 


ason to question whether the complete 
itutes the appropriate analogue to 


SPONTANEOUS RECOVERY 

aCR after extinction has been demonstrated in 
al conditioning. Ellson trained rats to perform 
later the rats were extinguished to a criter- 


1 ^5 Н Я ming the operant. After extinction, vari- 
On of five minutes without performing р 


ituation following delays of from 
Ous р ; -eturned to the situatio: 
‚5 Broups of rats меге retu s showed some spontaneous recovery 


vem ts usd б dip pini increased as a function of 
ar pressi the amount О 
the P essing; and tinction 8 

delay since the end of extincto! 


, Spontaneous recovery of 
strumental as well as classic 
à bar-pressing operant. One day 


Omission and Extinction after Varying Amounts of 
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DELAY OF REINFORCEMENT 


Billy, four years old, sometimes wanders from his own yard into x 
street. When his father comes home he asks if Billy has gone into the stree 
that day. He spanks Billy if he has and gives him some little treat if һе Has 
not. Somehow, despite the application of this consistent instrumental ine 
ditioning procedure, Billy keeps wandering into the street. What's wrong: 
Of course several things might be wrong, but one serious problem is the 
long delay between the act of going into the street and the administration 
of the reinforcement. However reliable the rel 
and some consequence, if the del 
be no learning. 


Because adult human beings have language, it is possible to inform them 
of the action that led to reward or punishment in more or less immediate 


contiguity with administration of the reward or punishment. This is usually 
effective for an adult, but it is progressively less effective the younger the 
child. 


ationship between an "d 
ay of reinforcement is too long, there wil 


A delay of from five to ten second 
tary response such as a b 
delivery of a reward, su 


5 between the execution of an elemen- 

ar pressing or turning left in а T maze and the 

ch as food, can substantially reduce the rate at 

x 4 se. The dependence of the 

learning rate on the delay of reinforcement is called the delay of reinforce- 

lous effects have been found for delay et 

mulus in escape training’ 

All conditione sitivity to delay of reinforcement, 
i Ssociations and conditions. 

The classic studies of 1s investigated how fast rats 
learned to make the cor hoice point of a T maze as a 
€ response and receiving the 
ed by detaining the rats in presumably 
ferent periods following both correct and 
е Р andomly interchanged his two presumably 
identical delay boxes Over trials to further insure that the delay compart- 
T ctness of choice. Rate of learning declined 
progressively with į i 
some learning w 
seconds. In a m 
rats had to cho 


reward.! The dela 
identical delay cha 


as still achieved wit 


hite discrimination learning task, where 
Ose either the black or the white alley independent of posi- 


er dependence of learning on the delay 


See Mackintosh, Animal Learning, рр. 155-59, 
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of reinforcement, obtaining essentially no learning with a ten-second delay 
between response and reinforcement." | 
р Тһе main reason instrumental conditioning was so adversely affected by 
Increases in the delay of reinforcement in these tasks appears to be the 
increased opportunity for associative interference during the delay. Spence, 
Revusky, and Garcia argue that other responses an animal performs in the 
delay can acquire a greater strength of association to the reinforcement 
than the operant defined by the experimenter.'? In support of this notion, 
Spence cites several studies that suggest that the performance of competing 
responses during delay intervals plays a large role in the deleterious effects 
of delay of reinforcement. One of these studied rats' learning to run to the 
end of an alley maze to obtain food as a function of delay of reinforcement 
ànd the width and height of the alley (the length was the same for both 
&roups). The basic hypothesis was that the more confining alley (two inches 
wide, three inches high) would discourage the animal from turning away 
from the food cup during the delay, while the more spacious alley (17 
inches wide 11.5 inches high) would encourage performance of potentially 
interfering responses during the delay interval. The results were exactly as 


expected. There was no difference in learning speed for rats running in 
y with zero delay of reinforcement between 


the reward, but there was a substantial 
he confined alley between the groups that 


the confined or spacious alle 
running the alley and receiving 
difference in favor of the rats in t 
received a ten-second delay of reinforcement. РА 
, Three experiments by Lett offer even more striking support for the 
importance of associative interference as a fundamental factor in the delay 
Of reinforcement gradient. Lett was able to obtain substantial learning ofa 

lack-white discrimination in a T maze with a delay of reinforcement as 
long as one minute. Lett also obtained substantial learning of a position 
habit in a T maze (making a right or left turn) with a delay of reinforce- 
Ment of up to 60 minutes. The distinctive feature of Lett’s experimental 


design ; letely from the T maze and housed 
design is that rats were removed completely 
at rats were y interval. Rats that had made the 


1 their 3 ing the dela I 
porrect бзге a ioe! at the end of the ed түт, (after 
eins placed in the start box of the T maze), which e eget апу oppet 
‘Unity for the rats to perform interfering responses т the experimental 
Situation after performing the critical choice response. Prevention of cüm- 
Peting responses in the experimental situation appears to permit instru- 


ndary Reinforcement to Delayed Reward in Visual 
econdar) 
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mental conditioning with extremely long delays between the response and 
reinforcement. Indeed, when Lett kept the total delay of reinforcement 
constant and permitted different groups of rats to remain in the choice 
alley for 0, 15, or 60 seconds before removal to the home cage to spend the 
remainder of the two-minute delay, learning decreased systematically ac- 
cording to the length of time spent in the maze.!? It might be noted that 
these results also support the hypothesis that it is the conjunction. of the 
stimulus situation and the operant that is associated to reinforcement in 
instrumental conditioning. The opportunity to perform interfe 
sponses in a totally different situation produces much less a 


ference than the opportunity to perform com 
situation. 


These findings would appear to hav 
For example, imagine yourself attempt 
TV set by banging on it (in a restr. 
ing for any subsequent improvem 
particular location, the telephon 
minutes later you come back and 
tially improved. The chance tha 
the tap in the preceding locatio 


ring re- 
ssociative inter- 
peting responses in the same 


8 and less well integrated with 
vith other events in the same context. 
The longest delays of reinforcement producing learning have been ob- 
a i ces and aversions, in which the ingestion of 
rs later by pleasant or unpleasant internal 
consequences. In these experiments extremely effective conditioning has 
s as long as 12 hours, One reason for the very 
5 that animals are especially 
€en new foods and pleasant or unpleas- 

ts one new substance at a meal and some 
hours later becomes sick. If an animal's nervous Sytem is constructed so that 
ference with the forma- 
illness or recovery. By contrast 
in the environment tend to pro- 
ately, and an organism is likely to 
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make a number of responses every few seconds. For such associations it is 
functional for an animal to have a relatively steep delay of reinforcement 
gradient, and the potential for interference is so large that one would 
be surprised to find any other result. 

. The delay of reinforcement gradient is analogous to the CS-US interval 
in classical conditioning. The evidence also suggests that the reason learn- 
ing falls off with increasing delay of reinforcement has nothing directly to 
do with the motivational factors involved in experiencing primary rewards 
and punishments. What is critical is the delay of informative feedback 
regarding "what causes what." If a rat is detained in a delay box after it 
turns left or right in a T maze before it is allowed to proceed to the goal 
box, the rat can learn the maze despite long delays, provided the delay 
boxes for the left and right turns are distinctive in some way—for example, 
black versus white.!? Under such circumstances there is a relatively im- 
mediate pairing of left turn with detention in, say, the black delay box and a 
relatively immediate pairing of the black box with RICHIE the goal box 
Containing the reward. Such a chain of associations 1$ somewhat more dif- 
ficult to learn than a single direct association, but each association in the 
Chain has a relatively short delay of feedback. m 

| Мапу noncognitive experimental psychologists have called such distinc- 
tive cues that mediate long delays of reinforcement secondary reinforcers, on 
the belief нара винти acquire reinforcing properties. The evidence for 


Such a belief will be examined in more detail in Chapter 6. For the moment 
feedback theory and the secondary 


We will reg: itive delay of f 

; egard the cognitive ay жер ў кө, ; 

reinforcement theory as equivalent, but it is important to note that what is 

essential for learning is the contiguity between critical events and not the 
elay of primary reinforcement, though the latter can have an effect on 


Performance. 


INTERMITTENT REINFORCEMENT SCHEDULES 


Schedules of Reinforcement 
at the contingency between an operant and a 


t—that is, that every time the organism per- 
forced. Such continuous reinforce- 


So far we have assumed th 

qeinforcement was 100 percen н 

Ormed th "ant it w ;entually T diei 
e operant it was €V : 

Dent is раан ‚ only typical of instrumental conditioning in os А 

Шу is not нари guuished for playing m the street nar is Ingrid! always 


rewarded for being nice to her brother. Whenever the probability of some 
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reinforcement is less than 100 percent, the instrumental conditioning is 
said to be on a partial or intermittent reinforcement schedule. "m 
In a discrete-trial task, such as a hungry rat running down an a ey e 
the start box to the goal box, one might place food in the goal box on only 
trials. | 
Б procedure there are a variety of different pues 
schedules of reinforcement. The four most basic types are gor cee 
variable-interval, fixed-ratio, and variable-ratio. In the fied-interud! 
schedule an animal receives a reward for the first operant performed «oed 
a period of time (such as 30 seconds) has elapsed since receiving the cn 
reward. In a variable-interval schedule, the time interval is varied from и, 
to trial. It might be 10 seconds, 20 seconds, 30 seconds, 40 seconds, or Э 
seconds. Of course, the animal only gets reinforced at the end of the inter- 
val (whatever it might be on that trial), after it makes ; 
Jfixed-ratio schedule, an animal gets reinforced after it has made a certain 


2 x " or varies 
number of responses. With a variable-ratio Schedule, that number varie 
randomly around some average. 


Interval and ratio Schedules are 
tasks. Fixed-interval Schedules are s 


a response. With a 


not completely unnatural laboratory 
omewhat analogous to working for an 
hourly, daily, or monthly wage. Some work must (usually) be performed in 
the period to get paid, but the bare minimum will usually suffice (until one 
is fired). Fixed-ratio schedules are analogous to piece work, such as pay- 
ment of $.50 for each bushel of apples picked. 

At first glance one might think that intermittent re 
produce slower learning of the CR, less reliable 
even after learning is complete, and faster extinct 
was completely withdrawn. The data regarding instrumental conditioning 
under intermittent reinforcement do give some support for slower learn- 
ing, but the ultimate rate of performance of the Operant is often higher 
under intermittent than under continuous reinforcement, and the resis- 
tance to extinction is invariably also greater for intermittent rein- 
forcement.!$ We might well have expected this considering what a high 
rate of play can be Sustained by a slot machine. A slot machine is essentially 
an intermittent reinforcement device whose intermittent positive reinforc- 
ing effect must counteract a continuous cost to play, the knowledge that, on 
the average, one loses on slots, plus negative social attitudes toward gam- 


inforcement would 
performance of the CR 
ion when reinforcement 


The rate of responding is low 


er the longer the interval in a fixed-interval 
schedule or the longer the average in a variable-interyal schedule.'* There 
"Mackintosh, Animal Learning, рр. 73-75, 159-61, 
and G. S, Reynolds (eds.), The Stu 
203-11. See also D. Robbins, 
Literature since 1960." 
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is an optimum ratio with fixed and variable-ratio schedules. The highest 
rate of responding is obtained for some intermediate ratio (which varies for 
different species). In pigeons the maximum response rate is obtained for 
ratios of approximately 50 responses per reinforcement. 

Vastly higher rates of responding can be obtained with ratio schedules 
than with interval schedules, which should not be surprising. However, on 
high ratio schedules, where a large number of responses is required to 
produce a reward, performance can break down entirely—the animal sim- 
ply ceases to perform the operant. . 

Some interesting patterns of responding have also been observed: With 
fixed-interval schedules the tendency of animals to make few responses 
until near the end of the interval and then to make a burst of them prior to 
reinforcement suggests that animals learn the time schedule of reinforce- 
ment. Responses are more evenly distributed throughout a variable- 


Interval schedule. 


Acquisition 


Reinforcing a response less often than 100 percent of the time appears to 
Produce a slower rate of acquisition than a continuous reinforcement 
Schedule, much like intermittent pairing of the CS and US in classical 
Conditioning.!7 However, results in this area vary enormously for different 
tasks, conditions, and performance measures of learning (enome versus 
latency, for example). It is reasonable to assume that each nonreinforced 
trial acts to some extent as an extinction trial, once a кезине degree of 
association has been established between the response and reinforcement. 

Some learning psychologists believe that intermittent purae. | the CS 
and Us interferes more with the rate of acquisition in брава соп tioning 
than a comparable percentage of reinforcement does in завешана соп- 
ditioning, The most striking evidence for this belief is Hiat c ees cid 
tioning has not been obtained with a reinforcement он ү E than 
25 percent, but that instrumental conditioning can be obtained w i mieh 
Ower percentages of reinforcement. Such evidence is ee ed = 
Support of a difference between the underlying meche assica 


and instr a 18 
strumental conditioning. e a ТРТ 
Consideration of the distinction between leat а апа qe wegen indi- 
Cates that this conclusion is not justified. AS We ari gn Slack pres "eda 
Chapter a ic performance of the CR in classica CONGINGTINE IS үш» 
» asymptotic p f pairing between CS and US. 


stanti ег rcentage о 
ally lowered by a lower ре = : сенби qM Н 
he:evidence is erase tives but this effect on asy mptotic performance 
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probably represents a motivational-performance difference rather than 
any difference in learning (associative strength). "P" 

By contrast the motivational-performance factors at asymprote А ; 
strumental conditioning are often such as to produce a much higher rate о 
conditioned responding at lower percentages of reinforcement than la 
classical conditioning. That is, a lower percentage of reinforcement prae 
duces a higher rate of responding. Since classical and instrumental aue 
tioning are affected very differently by such motivational-performance pud 
tors at asymptote, it is reasonable to assume that the same influences are 
present at earlier stages of learning. It ma 


y be that an organism — 
after several hundred trials of classical conditioning with a probability o 


0.2 or less of pairing CS and US has established a strong association be- 


tween the CS and US, but that this association has no effect on perfor- 
mance. 


Extinction 


John's car starts the first time he sw 


itches on the ignition. Frank's cat 
sometimes starts immediately, 


but more often it requires a number of igni- 
tion attempts. One day something goes wrong with the ignition system of 
both cars, and they simply will not start. Who is more likely to run down his 
battery before calling the garage? Obviously, Frank, since he expects his d 
to be rather difficult to start. The same thing happens in the laboratory mn 
the extinction of responses following continuous, as Opposed to intermit- 
tent, reinforcement: Extinction is far more rapid following 100 percent 
reinforcement than following lower percentages of reinforcement. The 
inforcement during acquisition, the larger the 

i phenomenon is very reliable, 


The rate at which а СВ extin 
the strength of conditioning. О 


been reinforced 100 percent of t re resistant to extinction 
than one that has been only int i 


time). Somewhat sur 
not the case, at least 
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offered the expectancy hypothesis, which is that continuous reinforcement 
leads to the expectancy of being reinforced on every trial, and when this 
expectation is not met, extinction is rapid.?° By contrast, intermittently 
reinforced animals do not expect to be reinforced on every trial and so a 
much longer period of zero-level reinforcement is required to produce 
extinction. 

Closely similar to this are the discrimination hypothesis and the 
generalization-decrement hypothesis. The discrimination hypothesis is that the 
change from acqui tion to extinction is more difficult to discriminate for 
the intermittent reinforcement group than for the continuous reinforce- 
ment group. This is little more than a restatement of the expectancy 
hypothesis, The generalization-decrement hypothesis specifies that during 
acquisition under intermittent reinforcement, the concept representing 
nonreinforcement on the previous trial becomes associated with perform- 
ing the CR. Since this nonreinforcement node is activated during extinc- 
tion, extinction is more similar to acquisition under the intermittent rein- 
forcement than to acquisition under continuous reinforcement. Hence, 
there is less generalization decrement from acquisition to extinction under 
intermittent reinforcement. . . 

A particular version of generalization decrement 1s the frustration 
hypothesis developed by Amsel, according to which the animal becomes frus- 
trated by nonreinforcement.*! There is evidence for the existence of a 
frustration drive in intermittent reinforcement of alley maze running, in 
that animals run faster on trials following nonreinforcement than on trials 
following reinforcement. Such frustration has become conditioned to per- 
formance of the CR. This has not happened during continuous reinforce- 
ment, According to this hypothesis, in intermittent. reinforcement frustra- 
tion is conditioned to the CR and it is this frustration that helps maintain 
Performance of the CR during extinction. But in continuous reinforce- 
Ment, frustration has not been conditioned to the CR and so accelerates 
extincti alization decrement. М . 

E: rues dient a айк is the response unit hypothesis, according to 
Which an organism on a 50 percent reinforcement schedule has learned to 
Produce a CR that is essentially equivalent to two responses on a continuous 
reinforcement schedule. In a 33 percent reinforcement schedule the 
багпеа CR is to produce three responses in perge nin теше. 
Ment, etc. If the response units are different, and if the total number of 


ў тё iate number (two for a 50 percent 
€sponses were divided by the appropri2 
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schedule, three for a 33 percent schedule, and four for a 25 percent 
schedule, etc.), according to this hypothesis one should expect to find a 
constant number of response units to extinction. In fact, this does «i rap 
produce a more nearly constant number of trials to extinction, though ше 
number of trials to extinction actually declines somewhat with a lower 
percentage of intermittent reinforcement, rather than rising sharply as it 
does under the hypothesis that each trial constitutes an opportunity to emit 
a single response unit. . . 

The response unit hypothesis suggests that what is learned in intermit- 
tent reinforcement is more complex than what is learned in continuous 
reinforcement, because experiences from several trials are combined into a 
single chunk. Two phenomena provide some support for this notion. One 
is that when there is regular alternation of reinforced and nonreinforced 
trials (R, N, R, N ...), the intermittent reinforcement extinction effect is 
not obtained: extinction is virtually as rapid as after continuous 
reinforcement"? The pattern of responding on alternate trials during 
training indicates that the animals have somehow learned the alternation 
concept. For example, with alternating reinforcement at the end of a run- 
way, rats run faster on reinforcement trials than on nonreinforcement 
trials. This is direct evidence that some higher organisms can learn con- 
cepts that incorporate experiences on more than one trial. 

Second, Bitterman and his colleagues have shown that the intermittent 
reinforcement. extinction effect is not obtained in some fish and am- 
phibians.?* This is in Sharp contrast to the regularity with which the 
phenomenon is obtained in birds and mammals. (In fish one can even 
obtain greater resistance to extinction via continuous reinforcement.) It 
may be no accident that the split appears to come at precisely the same 
point on the phylogenetic scale as the dividing line for chunking capacity. 
Thus, while we cannot Say precisely what organisms learn under intermit- 
tent acquisition conditions, the locus of the effect on extinction may result 


from the ability of higher organisms to form more complex concepts that 
chunk the experiences from several trials. 
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The Varied Acquisition Extinction Effect 


Most of the hypotheses on extinction after intermittent reinforcement 
suggest that there is considerable reason to suspect that what is learned in 
intermittent reinforcement is different from what is learned in continuous 
reinforcement. This supposition is strengthened by the fact that similar 
ance to extinction occur if we vary any of the other condi- 
tions that occur during acquisition—for example, the amount of rein- 
forcement from trial to trial, the delay of reinforcement, the number of 
different reinforcers, the number of response alternatives, stimulus condi- 
tions such as the level of illumination, etc. Apparently just about any 
Variation in the conditions during acquisition will produce a slower rate of 
extinction in birds and mammals. Thus, the intermittent reinforcement extinc- 
of the varied acquisition extinction effect. 
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strumental conditioning.?* The basic procedure for establishing a con- 
ditioned inhibitor in instrumental conditioning is to reward the operant 
under stimulus condition C, but not to reward it in the presence of a 
stimulus that is to become the conditioned inhibitor. Stimulus C might be 
the basic situational cues, such as the inside of a Skinner box, while /, the 
conditioned inhibitor, is an additional stimulus, such as 
the light is on, food cannot be obtained b 
operant, but when the light is off, food c 
CR. It appears that conditioned inhibitio 
instrumental conditioning. | 
Completing the parallel between inhibition in instrumental and classical 
conditioning, there is a phenomenon in instrumental conditioning that 15 
analogous to the inhibition of delay found in classical conditioning. Inhibi- 
tion of delay in classical conditioning is the tendency for organisms to 
withhold performance of the CR after the onset of the CS until just before 
the expected occurrence of the US. The analogous phenomenon in in- 
strumental conditioning is that in both fixed-interval and fixed-ratio rein- 
forcement schedules rats and pigeons pause immediately after they receive 
the reward. The length of the pause is longer the greater the length of the 
fixed interval or fixed ratio that must elapse between reinforcements.?? 


a red light. When 
y performing the bar pressing 
an be obtained by performing the 
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appear to be reasonable. The S-R position was first formulated by Thorn- 
dike as a part of the Law of Effect, which is that reinforcing a response Rc 
in situation S strengthens the association of 5 with Rc more than mere 
contiguity strengthens the associations of 5 with other responses (Ri) that 
are not followed by reinforcement.?* Note that according to the S-R learn- 
Ing position reinforcement plays an important role in learning, but it is not 
directly incorporated into associations as a part of what is learned. That is, 
the expectation of some particular reinforcement is not part of the memory 
trace itself. According to this position, there is no sense in which an or- 
Banism has learned which consequences follow performance of responses 
In various situations. Rather, it simply performs the response that has the 
Strongest association to the stimulus situation. The Law of Effect says that 
that response will tend to be one that has most reliably produced desirable 
Outcomes (reinforcement) in the past. | 
Presumably we human beings can tell which outcomes will follow from 
the performance of responses in various situations, and it appears un- 
reasonable to assert that humans perform responses in situations without 
any idea of their outcomes. Psychologists like Tolman who took a more 
Cognitive approach to the analysis of animal behavior than Thorndike, felt 
it was more reasonable to attribute much the same SR-K expectancy learn- 
Ng capability that humans have to lower animals as well. According to one 
SR-K expectancy theory, the stimulus situation S activates propositional 
nodes representing such expectancies as, "I£R, 1s performed in situation 5, 
then K, will result"; “If Rs is performed in situation S, then K2 will result"; 
etc. The activation of such nodes in memory must be accompanied by a 
Performance rule to the effect that the response performed is the one that 
Produces the most desirable outcome of all the responses considered. Tol- 
Man and other cognitive psychologists considered it supporting evidence 
Ог the SR-K expectancy theory that rats at a choice point vonid E look 
ack and forth at each of the alternative choices as if thinking a out the 
Consequences of making each choice, a process known as erp rini and 
ror .?9 Of course the fact that rats sometimes hesitate an look ack and 
tortha a chaiana] Шу gives much information concerning the na- 
ture а hoo pon har an learned) or of the thinking processes 
: 9f the memory trace (what is learn 
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plore a maze for a time without any s Po аса 
siderable positive transfer when food is placed in a particular a - 
the maze and the now hungry rat is placed at some other point in the та : 
Rats that have had prior opportunity to learn what-leads-to-what и PS 
maze make fewer errors in the course of learning to get from the nae we 
point to the food. Since none of the previous turning responses mad ps 
the rat at various points were reinforced or punished during a 
period of exploration, the S-R Law of Effect provides no pisse Man 
this positive transfer. The SR-K cognitive theory is that the animal ear А 
which turning responses lead, in various choice situations, to eene 
comes (new locations in the maze). Once one of these outcomes is associated 
with the presence of food, the animal can perform the sequence of re- 
sponses at various choice points that eventually leads to food. 

Nor is it necessary for the rats to actu 
order to learn what-leads-to-what in a maze. Gleitman and McNamara, and 
Long and Wike put rats in little cars or baskets and passively moved mem 
through a T maze, sometimes into the correct alley where they receivec 
reward, sometimes into the incorrect alley where they received no reward. 
When the rats were subsequently allowed to make free choices, a substan- 
tial number of them performed the correct response on the first trial ever 
though they had not previously made the critical choice response in the 
situation.?! As we shall discuss in more detail in Chapter 7, animals can also 
learn some things by imitation, that is by watching another animal perform 
responses and receive various consequences as a result. Such learning sug- 
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Another support for the SR-K expectancy hypothesis are reinforcement 
contrast effects. Rats trained to perform operants for a given reward perform 
worse when switched to a smaller or less preferred reward than rats trained 
using the smaller or less preferred reward from the beginning? Such 
contrast effects are difficult to explain with an S-R learning hypothesis, 
Which presumes that the animals have not encoded the nature of the rein- 
forcement as part of the S-R memory trace. Such contrast effects indicate 
that rats do encode the reinforcement as a part of what is learned, as the 
Cognitive expectancy hypothesis contends. : 

Most of the evidence appears to favor the SR-K expectancy hypothesis 
Concerning what is learned in instrumental conditioning, at least for birds 
and mammals, but the evidence is hardly definitive for all tasks and species. 
Furthermore, the SR-K expectancy hypothesis very likely requires a mini- 
mal capacity to chunk the S and R nodes into a common chunk node, and 
Possibly a capacity to chunk the S, R, and К nodes into a propositional 


node, and according to data on configuring, species below birds and 
нч і to do this. It is possible that species that do 


ammals appear to be unable 3 B на 
an S-R learning mechanism that is consis- 
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ith Thorndike's Law of Effect. | 
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switch 


Performance (speed) 
Performance (speed) 


small K 


Learning Trials 


Learning Trials 


Figure 4-1. The hypothetical performance for rats and fish of switching from a large reward to 


a small reward after learning is complete (shown by the dotted lines) as compared to perform- 
ance of animals kept on large or small rewards throughout (solid lines). Note the contrast effect 


for rats and the eventual shift to a level of performance appropriate for reward magnitude. Note 
the absence of such effects for fish. 


of muscle movements, but the goal to be achieved. In such naturalistic 
settings, the principal evidence for this assertion is that the particular 
motor movements differ from situation to situation and that, in nearly 


identical situations, children will perform the response in different but 
functionally equivalent ways. 


The same conclusion regarding what is learned in elementary instru- 


mental conditioning applies in controlled experimental settings to lower 
animals. A rat that has learned to press a bar in a Skinner box to obtain а 
food pellet exhibits substantial variation in the manner of pressing the 
bar.^ If it is prevented from pressing the bar with one paw, it will press 
with the other. If prevented from using any paw, the rat will press with its 


nose or body, anything to achieve the goal. Rats that have learned to run а 
maze show almost perfect transfer when they must swim the same maze 
filled with water.36 
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are differences with respect to other goals, in particular conservation of 
metabolic energy. 


CHAINING 


Organisms can also learn chains of instrumentally conditioned re- 
Sponses, which is analogous to higher-order conditioning. A rat can and 


frequently does master maze problems in several different stages: typically 


it first learns to make the correct response at the last choice point before the 
urn, etc. À pigeon taught to 


goal, then it masters the immediately prior t 

Peck a key illuminated by a red light to obtain food can then be taught to 
Peck a different key in order to turn on the red light.? | 
.. Wolfe's well-known secondary (learned) reinforcement experiment also 
illustrates chaining in instrumental conditioning. Chimpanzees first 
learned to insert discs similar to poker chips into a vending machine that 
Produced a grape when a token was inserted. The chimps were then 
trained to earn tokens by performing simple instrumental responses, such 
as lifting a lever or pulling a tray. In these experiments considerable time 
Could elapse between the earning of tokens and the opportunity to insert 
them into the vending machine to obtain food (primary reinforcement). 

_ Whether the intermediate stimuli, which are obtained as a result of ear- 
ler responses (the choice points in the maze that precede the goal, the 
lighted red key, or the tokens), should be thought of as learned reinforcers 
that function M some sense similar to primary reinforcers 15 A AMEE ме 
Shall discuss in Chapter 6. For the moment all that is of concern is that 
animals can learn chains of instrumentally conditioned — that ne 
Sometimes very long and complex, as in the case oF p dme y trained 
Circus animals. The limits on chaining capacity for di "^ gra at 
different levels of development of the nervous system, if any, have 
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Ot been established. 
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In 1948 Skinner discovered that when rewards are delivered by a clock 
according to a fixed rate and independent of responses, most pigeons will 
perform highly stereotyped response chains between reinforcements. By 
speculative analogy to the origins of human superstitions, he labeled such 
conditioned response chains superstitious behavior.?? M». 

The explanation for the superstitious conditioning is that some chain of 
responses was accidentally performed prior to reinforcement. The associa- 
tion of this chain to reinforcement was therefore strengthened, leading to 
its subsequent repetition, which was also reinforced. If the reward schedule 
and timing are right, there will be a high probability of reinforcing such a 
response chain shortly after it is performed. It is easy to see how such a 
response chain might be learned, even though reinforcement is not con- 
tingent upon it. Once such a chain has acquired a certain degree of 
strength, it cannot be extinguished under the condition 


unless the organism is set to exhibit a certain v 
tory. 


s of this experiment 
ariety in its behavioral reper- 


LATENT LEARNING 


Latent learning was briefly discussed in a previous section and will be 
further discussed in Chapter 7. All we wish to point out here is that latent 
learning in instrumental conditioning is analogous to sensory precondition- 
ing in classical conditioning, assuming that the US in classical conditioning 
is analogous to reinforcement in instrumental conditioning. Latent learn- 
ing is, by definition, learning that takes place prior to the introduction of 
reinforcement, and sensory preconditioning is learning that takes place 
prior to the introduction of the US. Hence, successful demonstration of 


both latent learning and Sensory preconditioning provides yet another 
parallel between classical and instrumental conditioning. 


GENERALIZATION 


Stimulus generalization can also be demonstrated in instrumental condi- 
tioning. Since most tests of generalization are performed under extinction 
conditions, in which no response to any test stimulus is rewarded, it is 
desirable to train animals under long variable-interval schedules of rein- 


forcement. The purpose of such a technique is to slow dow 
extinction radically, 


under conditions wh 
Kalish employed a v 


n the rate of 
permitting assessment of the generalization gradient 


erc little or no extinction is taking place. Guttman and 
ariable one-minute interval training schedule with the 
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response key illuminated by light of a particular wavelength (color) for 
60-second intervals separated by ten-second dark time-out periods. (In the 
dark the pigeons did not respond.) Tests of generalization as a function of 
wavelength were then performed by illuminating the key for 30 seconds 
with light of some wavelength and recording the number of responses. The 
results of some of their tests are shown in Figure 4-2.30 

Guttman and Kalish attempted to test whether the steepness of the 
generalization gradient around any particular CS was dependent upon the 
pigeon's ability to discriminate wavelengths in that region. Wavelength 
discriminability varies considerably over the spectrum to which the pigeon 
is sensitive, but the shape of the generalization gradient did not appear to 
be systematically related to the ability of the pigeon to detect wavelength 
differences. Under some circumstances one would expect it to be logically 
necessary for a generalization gradient to be related to the ability of the 
animal to discriminate one stimulus from another, but according to the 
Guttman and Kalish study generalization is often far more than a simple 
failure to discriminate between different CSs. With proper training or- 
ganisms can frequently be trained to discriminate extremely fine stimulus 
differences, but in the absence of such training generalization gradients 
Spread out enormously beyond the capacity to discriminate different 
stimuli, Hearst has shown that increasing the amount of training with a 
Single CS is sufficient to produce more sharply peaked generalization gra- 
dients around the original CS 31 However, what really steepens generaliza- 
tion gradients is specific discrimination training with a negative CS (CS —) 
Close to the CS +. 


Some circumstances produce completely flat generalization gradients 


around the CS used during instrumental conditioning. Jenkins and Harri- 
Son trained pigeons to peck a key during the presence of a 1000 hz tone, 
Separated by short time-out periods in darkness, much as in the Guttman 
and Kalish experiment. Under these conditions the tone appeared to ac- 
quire no stimulus control over the rate of pecking, since pigeons pecked 


with equal frequency during generalization testing to tones of any fre- 
quency from 300 to 3500 hz. However, under differential conditioning, 
where pecking was reinforced during presentation of the 1000 hz tone and 
Not reinforced when no tone was present, the typical peaked generalization 


б: я 42 
8raident around the 1000 hz C$ + was obtained. 
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It appears that when the 1000 hz tone was not used as a discriminative 
cue, there was essentially complete generation (a flat generalization gra- 
dient). The specific frequency of the tone had acquired no stimulus control 
over the instrumentally conditioned pecking response. Indeed, pigeons 


pecked as frequently when there was no tone as when there was one. From 


à cognitive standpoint, sound was not a relevant stimulus dimension and 


conceivably was not attended to by the pigeon. 
Differential conditioning drew the attention of the pigeon to the tone as 


a relevant stimulus, and under these conditions a peaked generalization 


gradient was obtained. Note that in the differential conditioning used by 
Jenkins and Harrison, С$— was no tone at all rather than a tone of a 
different frequency. To obtain a peaked generalization gradient with re- 
spect to a stimulus dimension such as pitch, it is not necessary to use two 
stimuli that differ only with respect to that dimension. Simple establish- 
ment of the relevance of a stimulus such as a tone can produce generaliza- 
Поп gradients with respect to dimensions of that stimulus, such as pitch. 
Note also that except for the auditory versus visual stimulus aspect the 
Conditions under which Jenkins and Harrison obtained flat generalization 
gradients were essentially equivalent to the conditions under which Gutt- 
man and Kalish obtained peaked generalization gradients with respect to 
wavelength. Thus, differential training within an experimental setting is 
ablish control by a particular stimulus and the 
adient. If the stimulus in question is 
‚ are to a pigeon, particularly when 
being pecked, then the attributes of 
litioned to the response. When 


not always necessary to est 
associated peaked generalization 8r 
already salient, as visual cues probabl 
they are projected directly on the key 
es salient dimension will be specifically cone | 
it is less salient, such as a background tone, it may be totally ignored. 


The breadth of stimulus generalization of habits tells us, in essence, what 
Was learned. In human beings stimulus generalization probably has even 
8reater variation based on stimulus saliency. Stimulus saliency and the 
resulting generality of what is learned probably can be enormously influ- 
enced in human beings by verbal i ions. For instance, if I talk in 


nstructl à : | 
Beneral about the importance of being kind to people in conjunction with 
r н » à " кү" 
Cwarding Ingrid for being nice to her brother, $ 


he may encode the experi- 
“nce in a much more general way than if 1 emphasize tur importance of 
kindness among members of the same family. ones Бенина to 
their children what they want them to learn by both patterns of reinforce- 
ment and accompanying verbalizations. 


Inhibition and Discrimination Training 
d the theory that the CS + sets up an excita- 


round itself, while any CS— establishes an 
jent around itself, as illustrated in Figure 
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Figure 4-3. Spence's theory of the interaction of excitatory and inhibitory gradients after dis- 
crimination training of two values (CS+ and CS-) along some stimulus dimension. 


4-3. The shape of the excitatory and inhibitory gradients shown in the 
figure are hypothetical, but such gradients have interesting properties. For 
one thing, they predict the steepening of generalization gradients as a 
result of discrimination training. They also predict that the drop from the 
CS + will be relatively steeper on the side of the C$— than on the side away 
from the CS –. They can also predict a peak shift, that is, a shift in the value 
of the stimulus dimension that has the maximum strength of association 
with the CR away from the original CS + in a direction opposite to the CS ~. 


Such peak shifts are obtained following discrimination training in both 
classical and instrumental conditioning.*: 

Many theorists have drawn the net 
as if inhibition could subtract from e 
excitation. That means that the E 
below zero. Although response ra 


excitatory minus inhibitory gradient 
xcitation only up to the extent of s 
- 1 gradient in Figure 4-3 could not fal 


tes cannot go below zero, this does not 
mean that the value of the theoretical variable corresponding to excitatory 


minus inhibitory potential does not fall below zero. Since stimuli can be 
established as conditioned inhibitors, it is clear that one could establish the 
CS — as a conditioned inhibitor, provided the C5 — is reasonably discrimi- 
nable from the CS+. The degree of inhibition is measured by the extent to 
which the CS — detracts from the performance of the operant in the pres- 
ence of some other CS + when presented simultaneously with that other 
CS +. Under these conditions there ought to be negative peak shifts as well, 
shifts in the maximum Strength of net conditioned inhibition over excita- 


?*K. W. Spence, "The Nature of Discrimination Le. 
1936 (43), 497-49. K. W. Spence, *The Differen 
Within a Single Dimension." 

** Mackintosh, 


arning in Animals." Psychological Review. 
tial Response in Animals to Stimuli Varying 
` Psychological Review, 1937 (44), 430.44. 


Animal Learning, pp. 535-39. 


Instrumental Conditioning 115 


tion away from the CS — in the direction opposite that of the CS +. Thus itis 
possible to demonstrate that the excitatory minus inhibitory potential to 
perform an operant is negative under some conditions for points on a 
stimulus generalization gradient near a CS-—. 


Errorless Discrimination Learning 


Terrace demonstrated that if a CS — is introduced gradually, it is possible 
to establish successful discrimination learning without any erroneous re- 
sponding to the С5 —. He interrupted pigeons pecking a key illuminated 
with red light by blackout periods during which the birds did not peck. 
After pecking to the red key was well established, he gradually began to 
illuminate the key during the blackout period with a green light that was so 
dim the birds never pecked at it. Gradually the level of the green illumina- 
tion of the key during the blackout was increased. When the rate of in- 
Crease was sufficiently slow, the birds never pecked at the key when it was 
illuminated by green light (CS —), even when it became as bright as the red 
CS +. When discrimination training was established via this errorless pro- 
cedure, the generalization gradient showed no peak shift from the CS +.%° 

Terrance and many other learning theorists believe that the errorless 
discrimination learning procedure fails to develop a gradient of inhibition 
about the CS — because of the absence of errors. However in the absence of 
Some inhibitory gradient around the CS-, it is difficult to explain nonre- 
Sponding to the CS — under the errorless procedure. Terrance s procedure 
might merely result in steeper excitatory gradients with zero excitation of 
the operant by the CS —, but the reason the procedure achieves this is far 
from clear. In any event, errorless discrimination training is a fascinating 


phenomenon in behavior control. 


DISCRIMINATION LEARNING 


Acquired Distinctiveness of Cues 

attentional process in discrimination learning and 
learn to attend to different cues was first defini- 
tively demonstrated by Lawrence in a series of experiments studying trans- 
fer between simultaneous and successive discrimination learning. An ex- 
ample of a simultaneous discrimination learning task is a T maze with one black 
alley and one white alley and reinforcement (for example, food) at the end 


The importance of the 
the Capacity of animals to 
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of, say, the white alley. A successive conditional discrimination learning task also 
involves two alleys, one with both left and right turns painted black and one 
with both left and right turns painted white. The animal must learn to turn 
right when confronting the two black alleys and to turn left when confront- 
ing the two white alleys. Note that although the brightness (black versus 
white) dimension is relevant in both problems, the responses to be 
learned—to approach the white in the simultaneous problem and to turn 
right on black and turn left on white in the successive problem—are com- 
pletely different. Lawrence nevertheless demonstrated significant positive 
transfer between such successive and simultaneous discrimination prob- 
lems, compared to control groups in which animals had learned compara- 
ble prior problems with different relevant stimulus dimensions (rough ver 
sus smooth floors, chains hanging down into the alley versus no chains, 
wide versus narrow alleys). Since the specific CRs in the simultaneous and 
successive problems had nothing in common, the transfer must have been 
based on learning to attend to the relevant stimulus dimension.*° 


Transfer Along a Continuum 


Lawrence also confirmed a finding reported by Pavlov that learning a 
difficult discrimination, such as two shades of gray, can be established more 
rapidly by prior training using a CS+ and С5 – that have a more extreme 
difference on the same dimension, such as black versus white, than by using 
the light and dark gray CSs throughout.*? Such a result seems inexplicable 
according to any single-process view, but is readily understandable if inter- 
preted from the viewpoint that the black-white discrimination helps the 
animals learn which relevant stimulus dimension to attend to. 

Sutherland and Mackintosh have argued that discrimination learning 
might be a two-stage process: (1) learning to attend to the relevant stimulus 
dimension (such as brightness), and (2) learning to approach the CS + value 
of the dimension (light gray) and/or to avoid the CS— value (dark gray).** 
The primary reason for training on an extreme discrimination such as 
black-white is to draw attention to the relevant brightness dimension or to 
switch-in brightness analyzers and to switch-out irrelevant analyzers (in the 
present case left versus right position). As the organism begins to attend to 


the relevant stimulus dimension, learning to approach the CS + and avoid 
the CS — can begin. 


38D, Н. Lawrence, "Acquired Distinctiveness of Cues: I. Transfer Betw 
on the Basis of Familiarity with the Stimulus.” Journal 
770-84. D. H. Lawrence, "Acquired Distinctiveness of 
Constant Stimulus Situation." Journal of Experimental Psychology, 1950 (40), 175-88. 
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Intradimensional Versus Extradimensional Shifts 


Another phenomenon that demonstrates the importance of attending to 
relevant dimensions is the demonstration that greater transfer from one 
discrimination problem to another can be obtained when the same stimulus 
dimension is relevant even though the specific CS + and CS— values are 
different.49 The control condition assesses transfer with a new relevant 
dimension. For example, subjects might be tested in a color discrimination 
task in which red is the CS + and yellow the CS =, and shape (circle versus 
Square) is irrelevant. There is more positive transfer on this task if a prior 
task had color rather than shape as the relevant dimension. This superior- 
ity of intradimensional shifts over extradimensional shifts demonstrates 
that selective attention is not just paid to particular values of one dimension 


but to the entire dimension. 


Fading 


Ina companion demonstration to errorless discrimination learning, Ter- 
Tace also demonstrated that attentional control could be transferred from 
one stimulus dimension to another without errors. First he trained pigeons 
to discriminate red and green backgrounds, then he gradually superim- 
Posed horizontal lines on the red (or green) and vertical lines on the green 
(or red) backgrounds. The pigeons continued without error to peck to the 
CS + and not to the CS —, despite the presence of the additional redundant 
relevant stimulus. After a number of trials in which the pigeons had pecked 
to the compound positive cues and not to the compound negative cues, 
Terrace gradually faded out the original colors. The pigeons transferred 
the color discrimination to the horizontal-vertical line discrimination with- 
Out making any errors in the transition.” Obviously animals are “ai under 
Proper conditions to learn something concerning a redundant sagen D 

imension, even though they have been trained to a c ie level to 
attend to another dimension. Such fading of the Pape jx isa 
Particularly effective way of producing transfer of stimulus control to a 


new dimension. 


SUMMATION 


n about one redundant cue while primarily 
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ation learning when there are two redun- 
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dant relevant cues than when there is only one. Furthermore, performance 
on test trials is higher when both redundant relevant cues are present than 
when either component alone is present. Although the interpretation of 
such additivity involving performance with redundant stimuli is complex, 
the evidence suggests that rats have the capacity to attend to more than one 
stimulus dimension at a time both in learning and in performance. | 
Experiments that demonstrate additivity of cues in discrimination learning 
have sometimes been used as evidence in support of the hypothesis that 
summation occurs in instrumental conditioning. These findings demon- 
strate that learning and performance are superior in the presence of two 
cues (CSs) when both cues are present at the same time during learning. To 
be exactly analogous to summation experiments in classical conditioning, it 
would be necessary to demonstrate that two CSs that were separately con- 
ditioned to the same operant would have a greater probability of eliciting 


the operant together than either by itself. This has also been demon- 
strated.*! 


OVERSHADOWING 


In a successive discrimination learnin 


g problem Reynolds trained two 
pigeons to discriminate betw 


ееп a white triangle on a red background that 
signalled that reinforcement would follow performance of the CR, and a 


white circle on a green background that signalled that nonreinforcement 
would follow performance of the CR. Following learning, he presented 
each component stimulus (triangle, circle, red, or green) in isolation, and 
was able to show that one bird had treated color as the relevant dimen- 
sion and learned nothing concerning shape, while the other had treated 
shape as the relevant dimension and had learned nothing concerning color. 
In doing so he showed that overshadowing occurs in instrumental as well as 
in classical conditioning. In this case overshadowing was complete, al- 


though color was the more salient dimension for one bird and shape for the 
other.5? 


Other discrimination learning problems h 
overshadowing, but it has frequently been 
negative correlation over different individu 
trol acquired by each of two elements of a compound stimulus. That is, the 
more an animal learned about a particular c 


а ue, the less it learned about the 
other.** It should be noted, however, that factors such as individual differ- 


ave not shown such complete 
demonstrated that there is a 
als between the stimulus con- 
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ences in learning ability, attentional capacity, and motivation all tend to 
work in the direction of producing a positive correlation, so that the failure 
to observe a negative correlation is of little significance. 


BLOCKING 


Assume that an animal has already learned a discrimination involving a 
Particular stimulus dimension, such as brightness. Then assume that an 
additional cue dimension, such as tone versus not tone, is made redun- 
dantly relevant. A subsequent test involving the tone alone demonstrates 
that the tone acquired less discriminative control than when the compound 
tone and brightness training trials were not preceded by prior training 
'nvolving the brightness dimension alone. The magnitude of the blocking 
effect in discrimination learning is typically substantially less than in classi- 
cal conditioning, but it has been obtained in a number of studies.** The 
difference in the magnitude of the blocking effect may have little to do with 
the difference between classical and instrumental conditioning; more likely 
10 results from the fact that the demonstrations of blocking in classical 
Conditioning used aversive USs while the discrimination learning problems 
typically involved appetitive conditioning. The difference in the magnitude 
of the blocking effect could be attributed to the higher level of arousal or of 
the drive characteristic of demonstrations in aversive classical conditioning 
AS Opposed to instrumental discrimination learning, since the study by 
Pruner, Matter, and Papanek demonstrated that blocking is enhanced by 
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subsequent reinforcement can be overshadowed or blocked by the pres- 
ence of a more salient signal of reinforcement.*® 


CONFIGURING 


Configuring has also been obtained in instrumental conditioning, 
though it has been far more frequently studied within the classical condi- 
tioning paradigm.” In classical conditioning, the compound $, and S2 
serves as the CS to be paired with a US. In instrumental conditioning, the 
compound stimulus serves as the cue that under these conditions some 
response will produce reinforcement. In either case a demonstration of 


configuring must show that the CR develops in association to the com- 
pound but not to its individual constituents. 


CONDITIONING AND THE SOMATIC AND AUTONOMIC NERVOUS SYSTEMS 


The nervous system has been divided into many parts in our effort to 
understand its functioning. One fundamental division is between the cen- 
tral nervous system, which consists of the central integrative mechanisms 
within the brain and spinal cord, and the peripheral nervous system, which 
consists of the sensory and motor nerves that connect the brain and spinal 
cord to the sensory organs, muscles, and glands of the body. Another basic 


subdivision is between the somatic nervous system and the autonomic 
nervous system, The somatic ner 


skeletal muscles such 
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Strictly to the peripheral nervous system, but for present purposes it seems 
best to include the central components of each within the definition of the 
somatic and autonomic nervous systems, however unknown those compo- 
nents may be. 

The somatic nervous system is generally concerned with controlling our 
Sensory and motor interaction with the external world, while the autonomic 
nervous system controls the operation of strictly internal regulatory func- 
tions. Another difference is that there appears to be more conscious sen- 
sory input into and feedback from the somatic nervous system, or at least 
We are more aware of its functioning than we are of autonomic functioning. 
Finally, control of skeletal muscles by the somatic nervous system Is volun- 
tary to a far greater extent than is the control of visceral functions by the 
autonomic nervous system, which appears to be largely automatic. | 

Some years ago Miller and Konorski suggested the possibility that classi- 
cal conditioning might be a property of both the autonomic and somatic 
nervous systems, but that only the somatic nervous system Was capable of 
Instrumental conditioning.’ Others have transformed this rather reason- 
able, but unproved hypothesis into the hypothesis that the autonomic ner- 
Vous system is only modifiable by classical conditioning, and the somatic 
nervous system only modifiable by instrumental conditioning, Pa se 
Appears to be little or no support for this madipeaton n is с ex that 
responses controlled by the somatic nervous system сап Desc uf y cens 
ditioned: The leg-flexion, knee jerk, and eye blink responses are al under 
the control of the somatic nervous system and = all be ы а, 
onditioned.5® Furthermore, the recently discovered phenomenon of 2u- 
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Instrumental Conditioning of Autonomic CRs 


The ability of the autonomic nervous system to be instrumentally con- 
ditioned is somewhat more in doubt. It is certainly much more difficult to 
instrumentally condition increases or decreases in heart rate, constriction 
or dilation of the blood vessels, stomach and intestinal contractions, and 
other visceral activity than to condition the same responses classically or to 
condition many skeletal motor responses instrumentally. However, 
Kimmel points out, there are now more than 95 studies of the instrumenta 
conditioning of autonomic responses in human beings wtih over 90 percent 
success in conditioning such autonomic responses as increases and de- 
creases in heart rate, the galvanic skin response (GSR), and constriction and 
dilation of blood vessels.*! It has often been argued that such changes in 
autonomic responses might be mediated indirectly by the somatic nervous 
system through instrumental conditioning of skeletal muscle responses, 
changes in respiration, and the like, but the research done to date on 
autonomic conditioning of human beings does not appear to support such 
a notion of indirect mediation, А 

For a time it was thought that the research of Neal Miller, Leo DiCara, 
and their colleagues had definitively demonstrated the capacity for instru- 
mental conditioning of a variety of autonomic responses (heart rate, vascu- 
lar constriction and dilation, intestinal activity, urine formation in the kid- 
ney), independent of mediation by the somatic nervous system. Such in- 
strumental conditioning was performed on animals under curare, which 
completely blocks neural control of the striped muscles controlled by the 


somatic nervous system but does not affect the control of smooth muscles 
by the autonomic nervous system.” However 


his earlier results casts doubt 
ing instrumental conditionin 
are now unclear.5? 
Although there is no direct ev 
that the changes that occur in cl 


n inability to replicate many of 
on their reliability, and conclusions concern- 
g of autonomic responses in curarized animals 


idence supporting it, it seems very likely 


assical and instrumental conditioning of 
both autonomic and somatic CRs occur within the central nervous system, 


not within the peripheral components of either the somatic or autonomic 
nervous systems. Hence, since the differentiation of somatic and autonomic 
control systems is far less clear in the central nervous system than in the 
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peripheral nervous system, it appears to be extremely difficult to achieve 
any final resolution of the question concerning the capacities of the au- 
tonomic nervous system. 


Practical application and biofeedback. What existing research does show is 
that we can achieve much more control over the functioning of the au- 
tonomic nervous system than was heretofore suspected. Although it is far 
too early to draw any definite conclusions concerning the therapeutic use- 

ulness of this knowledge, a number of promising practical applications 
ave opened upasa result of this research. For example, it may be possible 
through instrumental conditioning to lower blood pressure and heart rate 
' people with heart disease. 7 
One of the practical techniques that has been devised for accelerating 
Strumental conditioning of autonomic responses such as heart rate and 
lood pressure is biofeedback. The sensory feedback from the visceral organs 
Controlled by the autonomic nervous system does not ordinarily command 
Our Conscious attention. A number of studies have suggested that the in- 
Strumenta] conditioning of autonomic responses might be accelerated i 
Subjects were supplied with auditory or visual displays of the autonomic 
| SPOnse to be controlled, such as heart rate. For example, a subject might 
2е given a visual display of a line on an oscilloscope whose length corre- 
Sponds to the duration between successive heartbeats, and instructed to 
attempt to make the length of the line on the oscilloscope exceed a certain 
“ЕІ and thus slow down heart rate. It does appear to be possible to 
Condition autonomic responses instrumentally without biofeedback, but 


Cere 'S some indication that biofeedback speeds the conditioning, and in 
Some ¢ sponses has not been 
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monitor the state of their facial, scalp, and neck muscles and to relax them 
and thus reduce the frequency of tension headaches. Although it is far too 
early to be sure, there is some indication that biofeedback concerning the 
contraction of one's face, scalp, and neck muscles can play a useful role in 
conditioning the relaxation of these muscles.55 


THE RELATIONSHIP BETWEEN CLASSICAL AND 
INSTRUMENTAL CONDITIONING 


We have noted that similar phenomena appear in both classical and 
instrumental conditioning. It is therefore plausible to assume that both are 
mediated by a common learning mechanism. There are three basic 
hypotheses about the relationship between classical and instrumental con- 
ditioning. One hypothesis claims that classical conditioning is instrumental 
conditioning, and that performance of the CR in anticipation of the US 
serves some function for the organism. In the case of appetitive salivary 
conditioning this function might be improving the taste or digestability of 
the food; in the case of aversive shock conditioning it might be reducing 
the pain of the shock. Such a theory is particularly apt for classical eyelid 
conditioning, because although the CR does not alter the world (it does not 
change the probability of delivery of the air puff), it does affect whether the 
air puff falls on the cornea of the eye or on the eyelid and thus appears to 
make some difference with regard to its aversiveness. 

Nevertheless, it is now fairly clear that classical conditioning is not in- 

disguise. This has been most definitively dem- 
and US under conditions where performance 
ministration of curare, which blocks transmis- 
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ing learning mechanism: association of contiguously activated internal rep- 
resentatives (nodes). This is learning by contiguity for which the classical 
conditioning paradigm has been considered a primary example. Neverthe- 
less it is not correct to say that such a unified theory of classical and instru- 
mental conditioning explains instrumental conditioning in terms of classi- 
cal conditioning. Classical conditioning and instrumental conditioning are 
behavioral phenomena, not theoretical mechanisms. Attempts to explain 
Опе phenomenon in terms of another phenomenon are not very satisfac- 
tory as theories of either. It is explaining one mystery in terms of another. 
his is especially unsatisfactory with regard to classical and instrumental 
Conditioning, because there is a logically greater complexity to instrumental 
Conditioning than to elementary classical conditioning that must be ex- 
plained in some way. 
Two different contiguity conditioning explanations have been offered 
9r instrumental conditioning: an SR-K cognitive expectancy hypothesis 
and an S-R reinforcement hypothesis. The cognitive hypothesis assumes a 
capacity to specify new chunk nodes for contiguously activated nodes, such 
as for S-R compounds and perhaps for entire SR-K propositions (“if re- 
Sponse R is performed in situation $, outcome K will result"). Since the 
Same Vertical-associative contiguity conditioning appears to be required to 
€Xplain configuring in classical ‘conditioning, the cognitive expectancy 
'YPothesis is compatible with the assumption that classical and instrumen- 
tal conditioning use the same basic learning mechanisms. | | 
patting to an S-R reinforcement hypothesis, Lari. a a nó mm 
tof a reinforcing stimuli enables the contiguity con ы e о 
рау поп (or function more effectively). This means that when an 5-5, 
ma 15 followed by positive reinforcement, the horizontal assoriabon from S 
€ Correct response А, is strengthened, or at least strengthened much 


m р red: 
fe than the association from S to an incorrect response Rj, which is not 

Owed by rein f, :onitv conditioning, the situational cues 
S sh y reinforcement. By contiguity с g 


res Ould also become associated to the reinforcement, as should the correct 

кы Re. According to S-R reinforcement theory, pang it is the Bu 

ason 00 that is primary in determining behavior, not the S-K ог К.-К 

ds lation ble since neither S alone (in the ab- 

et Of the correct response R,) nor Re alone (in a different situation) will 
pum the reinforcement. 

Ж Classical conditioning the Law of Effect leads us to the reasonable 
the mption that USs are reinforcers. Therefore, contiguity conditioning of 
idea node to the US idea node will occur, because the US is a 
ny b cer that enables the contiguity conditioning mechanism to function. 
idea uilt-in (prepared) CRs that are innately associated to activation of the 
teinfa for the US will now be elicited by the CS. Thus again, in the 

cement theory with only horizontal-associative contiguity condition- 
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ashes ë 
ing, both classical and instrumental conditioning can be assumed to use th 
same basic learning mechanisms. 


SUMMARY 


l. Instrumental conditioning is three-contingency learning, which For 
higher organisms can be encoded as an SR-K expectancy: that re- 
sponse R in situation S will produce reinforcement K. "P 

2. Simpler forms of instrumental conditioning may follow Каныш c 
Law of Effect: what is learned is an S-R association, and the strong S- 
associations are those that are frequently followed by positive rein- 
forcement. 

3. Instrumentally conditioned responses eventually extinguish when 
performance of the response is no longer followed by reinforcement. 


The greater the change in conditions from acquisition to extinction, 
the faster the extinction. 


Avoidance responses are generally very difficult to extinguish by the 
conventional procedure: simple removal of the possibility of occur 
rence of the aversive stimulus. Extinction is obtained more rapidly 
when the aversive stimulus is presented independent of the operant. 
5. Extinguished operants demonstrate spontaneous recovery after €x- 
tinction training with the passage of time. 
6. Instrumental conditioning is slow 
forcement (feedback) follow 
delay of reinforcement effec 
interference caused by per 


er the greater the delay of rein- 
ing performance of the operant. The 
t appears to result from the associative 
forming other operants in the same 
stimulus context during the delay interval. When one restricts the 
opportunity to perform competing operants in the delay interval, Qr 
when the organism is removed from the experimental context during 
the delay interval, instrumental conditioning in mammals can occur 
with much longer reinforcement delays (up to one hour in T maze 
learning). This demonstrates that it is the combination of both the 
stimulus situation and the operant that higher organisms associate 
with reinforcement. Highly prepared associations (such as those bet- 


ween food taste and illness) can also be learned with long delays of 
reinforcement. 


7. Intermittent reinforcemen 
tards learning somew 
of operant performa 

8. Some useful practica 
A. Shaping: rewardi 

desired behavior. 


tin instrumental conditioning probably re- 
hat, but it often produces a higher eventual rate 
nce and invariably retards extinction. 

l learning principles are: 


Ng successively narrower approximations to the 


9. 


10, 


12, 


13, 


Instrumental Conditioning 127 


B. Fading: transferring stimulus control to a new stimulus dimension 
by making it redundant in relationship to an already effective 
dimension, first by increasing the salience of the new dimension, 
then by decreasing the salience of the previously controlling relev- 
ant dimension. 

C. Omission training: rewarding the nonoccurrence of an undesira- 
ble response, which makes elimination of the response more per- 
manent than extinction (not rewarding the response). 

D. Intermittent reinforcement produces learning that is more resis- 
tant to extinction than continuous (100 percent) reinforcement. 

An instrumentally conditioned response is not a specific sequence of 

muscle movements but a class of movements that are functionally 

equivalent in that thev achieve the same goal. Such functionally equi- 
valent response classes are called operants. 

Instrumental conditioning also demonstrates stimulus generalization: 

situations similar to that in which the operant was rewarded will also 

have a tendency to elicit the operant. The breadth of generalization 
reflects what was learned (how the learning experience was encoded). 

In human beings the encoding of experience is enormously influ- 

enced by language. 

Instrumental conditioning also demonstrates stimulus discrimination. 

Learned Operants are not performed with equal probability in all 

Stimulus situations. Organisms are capable of discrimination learning: 

incorporating attributes of the stimulus situation into the memory 

trace, which enables them to perform operants in the presence of a 

CS-- (which signals the availability of reward) and not to perform 

Operants in the presence of a CS — (which signals the unavailability of 

reward). 

Higher animals appear to have the capacity for selective attention, 

and only stimulus dimensions that are attended to get incorporated 

Mto the memory trace. Variation from acquisition to testing of an 

attended stimulus dimension will produce generalization decrement; 

Variation of unattended dimensions will not. 

Higher animals can be trained to attend to certain dimensions as op- 

Posed to others, which facilitates new learning where these salient 

imensions are relevant, even though other features of the task are 
very different, 

The distinction between the somatic and the autonomic nervous sys- 

tems is clear only for the peripheral nervous system. The memory 

traces established in classical and instrumental conditioning almost 

Certainly reside in the central nervous system. In any event it is clear 

that autonomic responses can be both classically and instrumentally 

conditioned, though the mechanism is in some doubt. 
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Instrumental Conditioning 


The use of biofeedback may facilitate learning to control a variety of 


responses we are not normally aware of, such as heart rate, blood 
pressure, and muscle tension. 


The properties of instrumental conditioning are very similar to those 
of classical conditioning, which suggests that the type of trace may be 
basically identical for both. The common properties include: acquisi- 
tion, extinction, spontaneous recovery, external inhibition, disinhibi- 
tion, conditioned inhibition, generalization, discrimination, summa- 
tion, overshadowing, blocking, and configuring. Classical and instru- 
mental conditioning of birds and mammals may both involve the 
learning of expectancies at higher levels of t 
other animals both kinds of conditionin 
of Effect. 

Both classical and instrumental conditioni 
same underlying contiguity- 
or lower levels of the nerv 
accomplished by a rein 


he nervous systems. In 
g may be produced by the Law 


ng can be mediated by the 
conditioning mechanism. In lower species 
ous systems of higher species, this may be 
forcement mechanism that strengthens 
primarily the associations between contiguously activated nodes that 
are followed by reinforcers. Both classical and instrumental condition- 
ing at higher cortical levels in birds and mammals may involve forma- 


tion of chunk nodes representing S-R or 8-5 compounds or SR-K 
propositional expectancies. 


5 Motivation and Learning 


OBJECTIVES 

" To define the concepts of drive, satiation, reinforcement, and incen- 
tve, 

3 To describe some basic properties of motivational control of behavior 
for three control systems, hunger, thirst, and fear, and to consider 

" briefly some important phenomena concerning sexual motivation. 

| To present evidence that animals perform responses primarily to 

achieve pleasure and only as a typical secondary consequence of this to 
achieve a reduction of drive. (We shall see that a state of zero drive is 

4. Dot so pleasurable as having a drive and satisfying it.) 


To present some facts and theories regarding the neural representa- 
Поп of drive, satiation, and incentive, including a discussion of the 
Self-stimulation phenomenon (the existence of nodes in the brain 
" ie activation produces pleasure). | 
9 discuss the effects of drive level and amount of reinforcement on 
Performance, 
To point out that drive level and reinforcement magnitude probably 
ave no direct effect on the speed of cognitive expectancy learning, 
Provided the animal performs the same responses. However, drive and 
reinforcement magnitude can have an indirect effect on learning, by 
9 anging which responses are performed. 


anie ation is concerned with goals and subgoals, and with the mech- 
electio Y which they are obtained. According to the theory of natural 
ingen! all or almost all the goals of an organism must be directly or 
repro Y concerned with survival of the species. Some goals such as sexual 
8 ecjes UR and care of the young, are concerned with survival of the 
quate ni spective of individual survival. Others such as obtaining ade- 

Чоп, temperature regulation, control of essential bodily func- 
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tions, and avoiding hostile environments, contribute to survival of zs 
i isting individual vival. Still others, such as love and affilia 
species by assisting ind ividual survival. | , EAE ME =A 
tion, contribute to both individual and species survival throug n e 
of cooperation, particularly in obtaining food and in providing E » с 
sexual reproduction, care of young, and the like. Organisms зау ке 
different motivational control systems, because many different goals € 
relevant for survival. One reason for the evolution of more complex о 
and hormonal control systems may be to add new goals or to refine о 
goals so as to increase the chances of survival. | Е ds 
Motivational control Systems are often classified into two basic саво еа 
appetitive, concerned with achieving positive goals such as food, i iin ni 
sex, and aversive, concerned with avoiding negative goals such as danger dn 
predators, extreme heat or cold, and so forth. Obviously it is possible : 
consider the approach to food, water, and sex as the avoidance of hunge”: 
thirst, and sexual deprivation; and the avoidance of predators and aan 
heat or cold can be thought of as achieving a more secure environment an : 
the optimum temperature. There are differences between appetitive em 
aversive motivational control Systems, and differences within each class a 
well. Appetitive and aversive motivational systems can have both positive 
and negative emotional components. Hunger can be very aversive and ee 
capable of producing extreme fear, if one does not know whether one s н 
be able to obtain food. Оп the other hand sometimes danger signals evo = 
no fear, and can even be pleasant if one knows exactly what to do to avolc 
injury. Even pain can be pleasant under some conditions, and not just 19) 
masochists. Under wartime conditions many soldiers experience not pau 
but great joy as a consequence of receiving serious but not critical injuries, 
because such injuries mean they will no longer have to risk their lives in 
combat, 
Motivational Systems exist to control actions in order to achieve goals. B 
the goal systems we have are part of us at all times, but they are not 
functioning to control behavior at the same time. One reason for this 15 
that, at any given time, many of our goals are satisfied: we have an ade- 
adequate salt and water balance, there are no 
onment, and so forth. 


of behavior from one goal to another tan 
quired by different motiva- 
the control system that is most strongly 
rol behavior. Partial satisfaction of that 


resumably 
at will cont 
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goal system may temporarily depress its degree of activation and thus allow 
another goal system to assume temporary control. Little is known concern- 
ing the coordination of different motivational systems. 

The preceding description is reasonably accurate for motivational con- 
trol systems that are concerned with internal regulation of body function- 
mg or that are little influenced by learning. However, there appear to be 
two ways in which it is incomplete or inaccurate for many motivational 
Systems in higher organisms. First, there are often fast-acting satiation 
Mechanisms that signal the achievement of a goal, such as adequate water 
Consumption, before the primary drive-initiating stimulus, such as the de- 
hydration of body cells, has been restored to the target level. Second and 
More important, behavior is often primarily governed not by the desire to 
Teach a goal state and achieve zero drive, but rather by the desire to make 
Progress toward some positive goal. It is often the change of direction in 
relationship to the goal that is pleasurable rather than merely being in the 
Boal state. Events that produce such pleasurable changes with regard to 
Seals are termed positive incentives. Аз we shall see, many motivational con- 
trol Systems act primarily to maximize positive incentives rather than to 
achieve goal states (minimize drives). 
bi 'S useful to contrast two types of motivational ‚р vcn з 
€-re, 1 ative o ^K ү: 4 
пао ЕП {honmeasiat or one мен ae Mi зт 
reducti і хей positive and negative Желе cath Tevel (oF body 
em "on System some discrepancy from a tar Бе 5 н ied y 
án per ature, for example) initiates a variety of eap mim | jene eov 
drive), A m vai blood vessels in the ы, deme onses «Pond 
in magni 5 the discrepancy is reduced, the drive-related resp 5 а$ 

Мапу a vip ai -ol systems are largely homeostatic 
(drive. d body-regulatory корыш. al control systems that 
invo, eduction) in character, but the Li qm hi „зу ка a 
tems, Pn 8 Ж Жасик тайкы ү 
fia im incentive system, organisms work б pensi ная raed 15е 
i ener subgoals), not to reduce drives. For өү mia Ý cere 
od fo, (Pleasurable subgoal) to an бып е re bs icd ees 
Signa Some time. The hunger drive is par ES y weiter ino. Sonalin 
avaijapo P food deprivation, but it is increased К: m Minds к iw s 
nal bed of food. Its magnitude will depen ahi н f 

ailability cues. 


deprivation cues and external food av | | 
e the best time to be hungry is when 


food. By having a positive (drive- 
creasing) relationship between 


Ignificant interaction with the e 


Ir 
f 


us į 4 ^ А 
there ; 'S undoubtedly functional, sinc 
; i yes s 
Nerea, 3 the possibility of obtaining 
тей, sing) rather than a negative (drive-de | bip? ^ 
bety Orcers (such as food or food-related cues) and drive, organisms can 

"Mate i i чип for г the environmen 
to ea, аһ their drives to the opportunities afforded by th ent 


s drink б en 
lrink, build a nest, and the like. | V 
Course it will not do while eating food to increase the hunger drive 
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indefinitely. Such runaway positive feedback would lead to rein 
tion mechanisms triggered by an accumulation of primary rein uu at 
ing food) will eventually come into play and inhibit the drive dpt 
However as we shall see, incentive systems differ in another imp inc 
respect from drive-reduction systems: With incentive control er ers 
as hunger, it is not the achievement of à zero-drive state that animals um 
for; rather they work to achieve positive incentives (defined as the conj Sk 
tion of a reinforcer such as eating food with an appropriate drive state su 


as hunger). Animals do not want to be satiated; they want to eat (which 
requires both hunger and food)! | 
Let's consider another example of а motiv 
building in birds. As you probably know 
such highly characteristic form that one 
amination of the nest. At the appropriate 
a nest is activated in the bird's brain. Th 


ational control system, nest 
, most bird species build nests of 
can identify the species from ex- 
time of year, the goal of building 
€ absence of a suitable nest then 


The presence of suitable nest- 
antial role, in addition to inter- 
€ nest-building drive. When the 
rcement-incentive nest-building 
by the nest-building satiation 
ent of the goal. 


explore whether motivation has 
8. In Chapter 6 we shall examine the relation- 
and learning from the opposite direction— 
m experience affects notivation. 


any direct effect on learnin 
Ship between motivation 
namely, how learning fro 


DRIVE 


Drive is the desire to 


achieve a goal. Drives ar 
by discrepancies betw 


— — 
€ at least partially initiate 
een the current sta 


te and a target (goal) state. TS 
om an optimum state of pce) 
ed to sugar metabolism or ma 
adequate concentration of wate 


tion (possibly signalle 
storage of fats). 
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In strictly behavioral experiments, hunger and thirst drives are typically 
manipulated by depriving an organism of food or water for varying 
Periods of time. By and large, increasing hours of deprivation produces 
Increasing levels of such drives, as measured by the quantities that or- 
Banisms will eat or drink or the speed with which they will perform an 
Instrumental response to obtain food or water. . 

е Physiological manipulations of drive levels have provided considerable 
Information concerning the physiological mechanisms of motivational con- 
191. We shall briefly consider three drives: thirst, hunger, and fear. 


Thirst. At one time it was thought that the primary neural registration of 
thirst was from sensory neurons responding to dryness in the mouth and 
throat, Anyone who lias slept with his or her mouth open will undoubtedly 
agree that extreme dryness of the mouth and throat is a sufficient condi- 
Чоп to induce at least a limited amount of drinking. However it has been 

efinitively established that dryness of the mouth and throat is not a neces- 
Sary stimulus to induce drinking, and that under ordinary circumstances 
wich dryness probably plays little or no role in the control of water intake.! 
o at appears instead to control drinking is the concentration of water as 
PPosed to salt in some neurons in the brain region known as the 
Ypothalamus, Andersson demonstrated that microinjections of hyper- 


toni 
we Salt-water solutions (water saltier than the normal goal level of the 
yi 


i Into a region of the hypothalamus induced drinking of waten: Neal 
ler reported similar effects. He also reported that an isotonic solution 
eda effect on drinking, and that a hypotonic solution (pure = s 
r) reduced drinking. In a subsequent experiment he found that cats 
ae Perform a learned response to obtain water as а consequence of 
YPertonic Saline injection. Although the salt concentration of fluid in the 


Ypoth 
о 


thi alamus probably constitutes the natural stimulus for the activation 
Cal St drive neurons, Andersson and McCann demonstrated that cl 
in Stmulation of the same neurons also produces drinking. Finally, esions 

е 1 fusal to drink) in many 


he 1. roduce 
Animals? 1а! hypothalamus produce adipsia (re 


1 
D MM "m 
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Hunger. Less is known about neural control of hunger, iai me 
again the lateral hypothalamus has been clearly implicated, since i on 
lesions (cuts in both hemispheres of the brain) in this repon m emily 
aphagia (refusal to eat), and electrical stimulation in this anea. requ s 
induces eating. One plausible hypothesis concerning the natural prim se 
for central activation of hunger, in the lateral hypothalamus or wherever i 
that it is some factor closely dependent on glucose (blood suga | 
metabolism, but the evidence in support of this hypothesis is no 
» ive.? | 
“== (mainly derived from carbohydrates or fats) is but one of meny 
important nutritional substances. Other substances are necessary to au 
tain adequate nutrition, such as protein, fats, vitamins, and minerals. п 
possible that deficiencies of some of these substances have neural Hi mich я 
tations that induce hunger that is specific for the substance the body 5 
deprived of. However, as we emphasized in the section on specific h unger 
in Chapter 2, there is good reason to believe that many specific Ше, 
deficiencies lead to selection of nutritionally adequate diets via rejection о 
old diets that have become aversive because of their nutritional defi jen 
cies. It is logically possible that only one or a few specific dietary dennan 
cies, such as inadequate amounts of salt, sugar, fats, or protein, are neura Ч 
registered in а manner that induces consumption. Satisfaction of othe 
dietary deficiencies might depend not on the inducement of eating, but o 
the selection T" particular foods that are preferred. 


Fear 


Fear is an aversive drive initiated by the occurrence of an external 
danger signal. Many small animals exhibit innate fear reactions to the pre 
sentation of shapes resembling common predators.! Other stimuli can 
come to evoke fear as a result of the learning process, through association 
with innate fear-inducing stimuli or directly painful stimuli. The learne 
€vocation of fear will be discussed in more detail in the next chapter. 

Physiological psychologists have discovered centers in the brain that ap- 
pear to play an important role in the encoding of fear motivation. Delgado 
Roberts, and Miller obtained what appeared to be a fear reaction in cals 

?В. К. Anand and J. 


R. Brobeck, "Hypothalamic C 
Yale Journal of Biology and Medicine, 195] (24), 


berg, “Hypothalmic Control of Food Intake in 


ontrol of Food Intake in Rats and e 
123-40. B. K. Anand, S. Dura, and K. Shi 


: ,, 1955 
t- Cats and Monkeys.” Journal of Physiology. 1 
(127), 143-59. B. K. Anand, "Nervous Regulation of Food Intake. [тт Review, 196 : 


(41), 677-708. J. M. R. Delgado and B. K. Anand, "Increase of Food Intake Induced by 

Electrical Stimulation of the Lateral Hypothalamus.” American Journal of Physiology, 1953 (1 4 

162-68. D. Mayer, "Glucostatic Mechanism of Regulation of Food Intake." New England M 

cal Journal, 1953 (249), 13-16. J. Mayer, “Satiety and Weight Control.” American Journal © 

Clinical Nutrition, 1957 (5), 184-85. Deutsch and Deutsch, Physiological Psychology, pp- 590-92. 
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from electrical stimulation of a particular part of the brain.? Other evi- 
dence indicated that it was a fear center, rather than a motor center con- 
trolling a fear-like response, since stimulation in this area of the brain could 
motivate the performance of a response previously learned for the avoid- 
ance of shock. Such animals also learned to escape from a compartment in 
which they had been so stimulated. This area of the brain would thus 
Appear to have the more general properties characteristic of fear motiva- 
ton rather than the properties characteristic of a specific response center. 

tmulation of other areas of the brain can produce rage and associated 
aggressive responses.’ | 

Tt is worth noting that the evocation of various motivations (emotions) by 
Sumulation of specific sites in the brain provides evidence for Müller's 

Octrine of specific nerve energies for even such high-level functions. Once 
again it is representation by which neurons are activated and not by the 
Pattern of activation that is important, since a variety of stimulating agents 
m the same region will often produce the same effect without the need to 
i Paie any exotic pattern of stimulation. If the elementary анис деў а 

€nted in the brain required complex patterns of activation, we wou 
Probably not be able to evoke drives with the crude electrical stimuli that 
have been employed 
ployed. 


SATIATION 


Drives re 
о mance 
Оп) that le 


and act to facilitate the per- 
drinking, copula- 


“enter, ц 


Mination of goal-directed behavior, but there are е0 abi 
hat are more rapidly activated after achieving a goal than the 


al reduction of the drive stimulus itself. 
Thirgt 


ie hen thirst is initiated by the natural means of depriving an animal of 
(е? the longer animals have been deprived the more they drink (up to 
сз » А iv Ta ч Г + ч 

арасцу of the stomach).? Reduction in thirst drive because of water 
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absorption from the stomach circulated by the blood stream to P 
control centers in the hypothalamus may play some small part in the = 
nation of drinking. Under most circumstances, though, the д E 
drinking long before enough water has passed into the blood л 
reduce the thirst drive stimulus appreciably. Hence, there must be a sj 
thirst satiation (or drinking shut-off) mechanism. = 
A classic experiment by Bellows demonstrated for dogs that the т | 
stimulation produced in the mouth and throat by drinking water ac ып _ 
thirst satiation mechanism even if the water never reaches the stomac dca 
blood stream. Bellows cut the esophagus of dogs and implanted a fistu 


те r h 
(small tube) in the throat such that water drunk by the dogs passed throug! 
the fistula and emptied into a pan w 


Thirsty dogs drank an amount a 
deficit, but they would stop dri 
mately twice the amount norma 
vation. If no water wa 


ithout ever reaching the stomach. 
pproximately proportional to their ird 
nking when they had consumed app! I 
Illy drunk under the same degree of $e . 
s put in their stomachs, they would resume din ens 
approximately an hour later and drink a similar amount.5 Appare 
neurons in the mouth or throat or both have the 
satiation and shut off drinking, ev 
is still present. 

Not all animals possess a w 
activate a thirst satiation center 
also be achieved by using a fist 
the stomach with water. Mill 
loading the stomach with w 
inhibition of drinking occu 
stream. 


. er 

power to signal i в 
М E eus фу us 

en when the natural thirst drive sumu 


ater intake mouth-metering mechanism (0 
in the brain. However, satiation of thirst ia 
ula to bypass the mouth and throat and e 
er, Sampliner, and Woodrow showed а 
ater also reduces subsequent drinking, and tha | 
rs before much water is absorbed into the blood 


Hunger 


It used to be thought that the ve 
hunger satiation cent 
the first place, 
important to Ге 
greater 


ntromedial hypothalamus was the rE 
er, but this hypothesis is now largely discredited. SO 
it may not be the ventromedial hypothalamus that wot 
eding, but the nearby ventral noradrenergic bundle. b 

psychological importance, the nature of the deficit produced T 
destruction of this area of the brain is not that animals cannot stop eating 
but that they eat more per meal because they eat faster. Furthermore, es 
increase in food consumption tends to be primarily of tasty foods once suc 
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lesioned animals have reached a new (stable but fatter) weight level. This 
Control system appears to be related to a more long-term weight regulation 
System that determines the amount of food consumed by varying the 
appetite-generating (hunger-drive inducing) effects of food cues. Schach- 
ter has observed that many obese human beings show a similar deficit: 
They May actually be less hungry than normals in the absence of food cues, 
"t they really “get into” eating when tasty food is available. Hunger in 
these Overweight individuals appears to be more controlled by the 
?PPetite-generating effects of external food cues than by cues deriving 
Tom internal deficit (a rather reasonable hypothesis in view of their nutri- 
Попај] state).!! 
hen cues occur that reliably signal the forthcoming availability of food, 
aa drive apparently increases and continues to increase during the 
ef о Sites of eating. Some brain structure affected by lesions in the area 
кз. € ventromedial nucleus acts as a partial brake ой this APRENS 
Mor rating system. Without this brake, animals eat faster and ther efore 
тей рег meal. But this brake is apparently not the satiation (shut-off) 
М ПЕШ that terminates eating altogether after a period of time. In both 
a humans and ventromedially lesioned rats, eating stops after a nne 
чан 15 not necessarily longer than the eating time for normals. Pme brain 
üt Cure undoubtedly does serve as a short-term hunger satiation center, 
115 location is not yet known. - 
© know more about the more peripheral levels of the hunger satiation 
™. Unlike thirst, where the functional stimulus for satiation appears to 


Nate in the mouth and/or throat, the primary functional stimulus for 
me consequences of food in the 


Syste 
Origi 
h 

5 unger satiatio 
Stomach 
“ontriby 


; n appears to derive from so 6 
> Intestine, or blood stream (though there 15 apparently also some 
d tion to satiation derived from taste). Dogs that "sham eat" (the 

passes through a fistula and never reaches the stomach) sometimes eat 
a p, e than their usual amount of food before pus gea ай the 
Further eaten does increase reliably with degree of fiin d "mcis 
inject "more, à number of experiments have demonstr ated that direct 
Suc ? of food into the stomach can produce almost immediate satiation. 
bloog Mediate satiation could not be accounted for by an increase in 
Proceed." level or some such factor, since ае B бузы 
res р to any significant extent in that рег! с + А аа bw 
SUgges rom the stomach to the brain does not interfere with satiation. * is 
Pres ts that there is a humoral cue that originates in the stomach and is 
then te : ly registered neurally at the satiation nucleus in the brain, which 
rminates eating. Whatever this humoral stomach cue is, it is selective 
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for nutrients, since loading the stomach with a nonnutrient saline ш 
has little or no effect on bar pressing to obtain food, while. apes du е 
stomach with an equivalent quantity of milk or sugar solution causes а 
considerable reduction in bar pressing for food.!? 


Fear 


Satiation of fear also is not just a reduction of the fear-inducing stimulus, 
but rather the achievement of stimuli signifying a safe environment. The 
relative importance of these two factors varies across species and por anes 
A deer running to escape a predator probably recognizes safety primari T 
by the absence of fear-inducing stimuli, although the length of the фе 
might be important too. When we run into a house to escape a bee О! H 
rabbit pops down its hole to escape a fox, it is primarily the presence of 
stimuli associated with a safe environment that produces a reduction in qe 
rather than the absence of the fear-inducing stimulus, which may still be 
only a few inches away, clearly visible and audible. 


REINFORCEMENT 


Every drive is associated w 
achieve. Goal ev 


food, safety signals (a 
reinforcers (subgoals), an 


à iced 
ne reinforcers as events that redu 


Ex р ; sec- 
that this is a poor definition. For one thing, $ 
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ondary reinforcers do not reduce drive. For another, as will be discussed 
More extensively later, in incentive motivational systems such as hunger, 
thirst, and sex, the immediate effect of both primary and secondary rein- 
forcers is to increase drive. 

The role of learning in reinforcement will be discussed in the next chap- 
ter. For present purposes we shall treat primary and secondary reinforcers 
as the same thing: Both are preferentially sought by organisms under the 
relevant drive, and both strengthen (reinforce) the tendency to perform 
Fesponses that produce them. "A 
Р Although I have said that reinforcers are subgoals and potential incen- 
“ves (when the relevant drive is activated), my primary definition of rein- 
Orcement will be by enumeration of examples (eating food, drinking 
aiid, copulating, placing a stick in the nest, etc.). Reinforcement is itself a 

asic abstract concept, which we should not attempt to define in terms of 
More basic abstract concepts. However, the concept you already have in 
your mind for subgoal refers to the same events as the concept of reinforcer. 
‘ve and satiation are also basic abstract concepts, but incentive is a de- 


r AA veia fes 
ue Concept because it is defined in terms of drive and reinforcement, as 
we sh 


all see in the next section. 


INCENTIVE 


We shall define 


reinf incentive as the combination of a drive and a relevant 
info 


Food is a reinforcer relevant to the hunger drive, but it is not an 
atiated animals can learn the loca- 
relevant reinforcers, even though they may not selectively perform 
achieve these reinforcers until they are under a relevant drive. 
earning experiment, for instance, an animal € sais the 
^od in a maze but not perform responses to get F бий ocation 
hen it is hungry. It is incentives that regulate performance, not 


a latent | 

Cation of fc 
“DU later, w 
reinforcers, 


uch a subtle distinction between reinforcement and incentive might 


ap ent ' 
реаг à We à _ results of a very important 
Stud to be hairsplitting were it not for the resu a y I 


Sati y Y Joseph Mendelson. Mendelson made ingenious use of the fact that 
Jateq rats car electrical stimulation of the hunger 
a 


rive c n be made hungry by 
the enter in t 


he lateral hypothalamus. 1 
hunger drive on and off rapidly in the same way that reinforcers can be 


r i . Pos 

ҺЫ Фу presented is a powerful tool for the investigation of important 

le. retical issues in the relationship between motivation, per formance, and 

Would È In one experiment Mendelson demonstrated мад satiated rats 
learn a T maze to obtain food at the end of the correct arm moti- 

tion Si by electrically induced hunger drive. When the brain iie heel 
as turned off, the rats chose randomly. Mendelson then explored 


He realized that the ability to turn 
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Condition 1 Condition 2 Condition 3 


o" Я iment. 
Figure5-1. Three conditions of electrically activated hunger drive in Mendelson's experimen 


where in the T maze the rat needed to h 


drive in order to learn and perform the response to obtain food: at rà 
choice point, in the goal box or both. A diagram of the three basic con 
tions employed in Mendelson's experiment is show 
If drive activates responses that lead to relevant 
tion 2, where the drive is on at the ch 
consistently choose the alley with food 
the hunger drive is turned off when t 
the animal, no longer hungry, 
incentive for the animal to consi 
and the result was the rats cho: 
motivation controls performanc 


; : Б ег 
ave the electrically induced hung 


n in Figure 5-1. я 
reinforcers, then condi- 
oice point, ought to lead the rala to 
at the end. Of course in condition 

he animal reaches the goal box, an 

does not eat. This means that there 15 z 
stently choose the food arm in condition ?: 
se randomly. Any explanation of ihe um 
€ based on the notion that drive potentiates 
or energizes behavior Sequences that terminate in relevant reinforcement 15 
wrong unless some account is taken of the drive condition of the organism 
at the time the reinforcement becomes available. Under condition 2, ani- 


i i : ition 1, 
consistently, even if they had learned it previously under condition 
where the dri i i 
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directed toward maintaining a driveless state, but rather toward achieving 
the pleasure that comes from satisfying a drive. . 
In a subsequent experiment Mendelson used rats with electrodes im- 


al striving for incentives. | | 
he Appears that even in the satisfaction of such primary maintenance 
"anis hunger and thirst organisms are not simple homeostats motivated 
in desire to zero out all drives. Organisms seek a = in pug 
a 5 there appears to be greater pleasure in the transition rom a higher to 
awer drive state than in the lower drive state itself. 
- Ppetitive drives such as hunger, thirst, and sex do not appear to be 
сё ® at least when there is reasonable expectation of араа ап іп- 
invari? but drives such as avoidance of pain and fear appear to be almost 


inya,. pet g 
Mably aversive, It is relatively rare for an individual to seek out extreme 


to po ical shock for the pleasure of having it turned off. Thus there appear 
Negative incentives as well as positive incentives. T. | 

үг ative incentives аге the combination of a ng € ee 
вае Cold, а buzzing bee, disapproval) and a ге evant rive ( а о 
eve cal pain, fear of loss of love). Negative teiniforeers raa = am 2 
osi, cater role in activating relevant aversive drives pm ‚нм, 
States S reinforcers do in activating appetitive drives. заць А е 
Tole ^N mind (for example the degree of prior anxiety) play Pe 

€ dimension of fear evoked by external stimuli, just as the degree 


“Lateral Hypothalamic Stimulation in Satiated Rats: The Rewarding Effects 


tsp реа Drinking.” Sci 57), 1077-79. 

`E. p rinking.” Science, 1967 (157), PN 
intaj a ООпз and J. Н F. ier "Lateral Hypothalamus: Food and Current Intensity in 
ning Self-Stimulation of Hunger.” Science, 1968 (159), 1117-19. 
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of food deprivation affects the extent of the hunger drive stimulated by 
food cues. | | 

With negative incentives it is again the combination of aversive drive and 
negative reinforcer that organisms seek to avoid. Negative reinforcers (a 
buzzing bee) are not negative incentives unless they evoke fear. Fear is nota 
negative incentive when one is certain that no negative reinforcer can me 
(sitting in a theater watching a movie like Jaws). Only certain exceptiona 
decouplings of fear and negative reinforcers point out this basic agreement 
with positive incentive motivation, because the primary source of fear drive 
is typically external negative reinforcing stimuli. Internal drive cues play a 
greater role in appetitive motivation, so it is more common to observe 
positive reinforcers that are not currently functioning as positive incentives 
than to observe negative reinforcers not functioning as negative incentives. 

Finally, in both aversive and appetitive motivation, there are important 
individual differences. Highly anxious individuals have a very tight cou- 
pling between negative reinforcers and negative incentives: they are afraid 
of the mechanical shark viewed on the screen. In less anxious people, many 
negative reinforcers do not evoke fear and therefore are not negative 11" 
centives. As Schachter observed, obese people tend to have a tight coupling 
between food cues and the eliciting of the hunger drive.!* That is, external 
food cues very reliably induce hunger in such individuals, and therefore 


food reinforcement is almost always functioning as an incentive for such 
people. 


INTERACTION OF DRIVE AND INCENTIVE 


One of the earliest definitions of incentive motivation was “а component 
of drive due to the expectation of reward.” According to Hull and Spence 
this compartment of drive combined with the deprivation component ip 
produce the total drive.!? Guided by Mendelson's crucial experiment: WE 
have defined all motivation as incentive motivation, noting that animals 
appear to work for incentives rather than to reduce drives. Several theoret- 
ical problems are solved by this position. For one thing, it is no longer ч 
problem that incentives often increase drive in the short run. Since e 
creased appetitive drive is pleasant, an incentive-induced increase in drive 
may often lead to an increase in pleasure. А 

For example, there is the "salted nut" phenomenon, that eating ceri 
types of snack foods appears to increase one's motivation to eat more of the 
same food, such that one "can't stop eating them." It is possible that hung?! 


‘Schachter, “Obese Humans and Rats." 
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drive increases as a result of stimuli closely associated to mealtime and 
Increases still further when one begins to taste food. It is clear from the 
Previous results that so long as the food is available such an increase in 
drive is pleasant, since it produces higher incentive value for the same 
available reinforcement. Eventually activity from the satiation center will 
inhibit the hunger drive, but so long as animals are working for incentives 
Father than zeroing out drives, it is possible and functional for incentive 
Stmuli to increase drive level temporarily. 
Another example is sex, which has produced some puzzling results for 
drive reduction theories. Sheffield, Wulff, and Backer selected a group of 
male rats that had an adequately high level of sexual motivation (the de- 
тоер was whether they would copulate with a female in heat). Those 
ск SI copulate were removed before ejaculation Mine poe 
rats е leading to a circular goal box that contained 2 рв Pis he 
^" is ned to run up the alley to get to the goal ров. эй = su m 
рр performed this instrumental response ia | а іна 
тес, unity to copulate with the female, even thoug п they E: dien vs 
eee before ejaculation occurred.'* The assumption is tha sexua 
i ation increases the level of sexual drive and that ejaculation decreases 
somes Appear to find an increase in sexual drive eS rius Е 
Satisfy “onditions they seem to find an increase 1n EE : d E 
prey; There may be less difference between sex anc hunger à n was 
‘usly thought. Sexual stimulation is an incentive for ап aroused rat, 
acts to increase sexual drive in the short run. Likewise, food is an 
© a hungry rat and may also act to increase hunger drive in the 
run. In the long run, under ordinary conditions, sexual m айй 
Crease qoo Mption result in the activation of saranan Ы e de- 
hörten e levels, but this is not of immediate concer g 
control of behavior. 


ЗЕ 
LF-STIMULATION 


954 Olds and Milner observed, somewhat by accident, that electrodes 


i i ar leasurable. Rats 
э, certai parts of the brain appear ed to be p 
В hi ertain 


Stimy- Mplants would return persistently to places where they had been 
Orde ated and learned to press levers and perform other responses in 
r : = MENT] MR 

to receive electric shock to these "pleasure centers. (In our ter 
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minology pleasure centers are simply the nodes that represent are 
incentives.) This finding of reward centers in the brain is more evider 
mption of incentive representatives. 
sa ere is селе en Delgado, Roberts, and Miller demonstrated p 
other electrode placements appear to function as negative арена 
mals will learn to perform arbitrary instrumental responses such as turnit g 
a wheel in order to avoid electrical stimulation of Tue meen 
representatives.?? (It should be noted that at the low current rum 
employed, electrical shock to the brain is not necessarily either pain ^ Ls 
pleasurable, and indeed that there are many places in the brain wh 
electrical stimulation appears to be motivationally neutral.) : " 
For many electrode placements in the pleasure centers, animals will po 
form to turn them on and then to turn them off, which suggests that the 
sites either adapt to stimulation and thus reduce the pleasure, or s 
become aversive with increasing stimulus duration.?! Since such elect ica 
stimulation is relatively crude, activating perhaps thousands of пеште 
complexities of this type are not unexpected. The positive or перт 
incentive effect of electrical stimulation at any point may be the net ined 
of stimulation of many individual neurons, including some with counte! ac 
ing effects. n” 
Many electrode placements that are positively rewarding at moder : 
current intensities lose their rewarding effect at lower intensities, but зе 
at the lower levels, they often induce drives. Some electrode placement k 
the lateral hypothalamus will produce hunger drive (inducing eating) à 
low levels of electrical stimulation, but at higher levels of stimulation pi 
appear to have food-related rewarding effects.22 And Mendelson " 


shown that electrodes in the "drinking area" 


4mus 
of the lateral hypothalamu 
will produce self- 


- : х ms rater 15 
stimulation at lower current intensities when wat 


avai ; Ls o А ater is un^ 
available for drinking than when no water is available. When water 15 
available, a hi 


E : à х roduct 
gher current intensity is required to pr? 
self-stimulation.?3 


ion 

any characteristics of the responses for rewarding brain simulato 
have been interpreted to support Deutsch’s theory that such pleasur? nt 
stimulation activates neurons that represent both drive and reinforceme s 
(incentive). For one thing, rew A 


A . ! ^ -s to D 
‹ arding brain stimulation appears to 
positive that anim 


А . at very 
als have ignored food and bar pressed for hours at 
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rapid rates until thev drop from exhaustion and starve to death. It has also 
een reported often that animals are quick to extinguish their responses to 
tlie bar once it no longer delivers electrical stimulation, and many satiated 
animals do not perform responses for rewarding brain stimulation when 
the delay of reinforcement is on a ratio schedule requiring more than 30 
responses per reward (corresponding to a time of 15 seconds between 
rewards), Organisms working for natural reinforcers under normal drives 
will perform hundreds of responses per reward on ratio schedules and 
tolerate much longer time intervals between reinforcement. Deutsch's ex- 
planation of this неее is that the electrical stimulation activates both 
drive and reinforcement nodes, and for a period of several seconds gives 
erp animal some drive to perform the next response. However, the drive 

t decays over time so that after tens of seconds a satiated animal may 


fee little or no remaining drive to perform the response. Extinction is 
ore г * 


р than Haro ibus wr peer animals have in 
Earning A in open d Hs Е roh x br hn stimulation in 
dita 8 Instrumental responses for inia pe dni ins "m n 
bs dis tasks when the interval between [n "ауд We етэ " ut € 
trial à €peatedly demonstrated that the negative effects o на à lor g inter: 

presentation of small "priming 
ably such small shocks 


: beginning of the next trial. Presumab ` k 
Ate the drive neurons but not the reinforcement (incentive) neurons.?$ 
his intertrial intervals applies primarily to 
ng electrode placements in hunger areas 
| instrumental responses to ob- 
ating under high 


Bted нышу Me tolerate long. 
can tolera S. Animals with rewardir E elec 
ain н longer intervals in performing а 
unger arding brain stimulation, provided they ате OF ‘ dw. 

drive.?? In addition to providing support for Deutsch's theory, 
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these results substantiate the claim that brain stimulation activates en 
that function as normal reinforcement or incentive centers in natural m 
vational control systems such as hunger and thirst. | m 
Despite this impressive support, Deutsch's theory appears to A na 
some modification in light of Mendelson’s demonstration that —€— A^ 5 
learn and perform responses in order to obtain incentives uc hers. d 
they are not under a relevant drive at the time they make a chace: jew 
thermore, some tests of the hypothesis that drive persists after rewal " A 
brain stimulation have been negative. Cox, Kakolewski, and Valenstein erm 
Stella and Gallistel report that immediately after brain stimulation гё E 
were inhibited from eating, when the effect of the stimulation itself a 
induce eating. Stellar and Gallistel found that the pretrial priming cese 
tion presumed by Deutsch and Gallistel to initiate drive actually ul 
rats running to a food reward.?* Other research is necessary to uer Р 
other drives, but food was the most likely candidate for the drive acm 
the priming shock in this case. In any event Mendelson's study e 
likely (1) that rats learn and perform instrumental responses for каан mi 
brain stimulation because they anticipate receiving a positive eigen rar 
(2) that it is not necessary for rats to be operating under any particu 
drive when they are performing the response. —á 
Why animals sometimes have more difficulty in tolerating long inter ч 
intervals for rewarding brain stimulation than for natural rewards is s 
thing of a mystery without Deutsch's drive explanation. However, It | эи 
been argued that rewarding brain stimulation is more analogous to а gw 
summatory response than to an arbitrary instrumental response, and p 
consummatory responses extinguish more quickly than instrumental Y 
sponses with either natural reward or brain stimulation. Pliskoff, Wrig?^ 
and Hawkins used a two-bar Skinner box constructed such that pressing 
the first bar on an interval schedule led to the introduction of the eB 
bar to be pressed in order to receive a rewarding brain shock. regit po^ 
consummatory (brain shock) bar was аһ e) 
sponding on the instrumental bar of as long as eight minutes on a apod 
interval schedule were possible. The performances were not always e 
same as those of rats bar pressing for conventional reward at the pan om 
intervals, but a reasonably high level of performance was obtained [P at 
this procedure even when the intervals between shocks were so long po 
according to Deutsch's theory the motivation to perform the respon 


'ays rewarded, schedules О 
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should have been eliminated. The reverse side of the coin is that rats will 
quit licking a dipper for sugar water very quickly once the supply of sugar 
Water is cut off, just as they will stop performing a response for brain 
Stimulation very quickly once the electricity is turned off.?? 

As Milner has noted, there is considerable individual variation in brain 
Stimulation studies that is presumably dependent upon different electrode 
Placements, With some placements animals will tolerate long intertrial in- 
tervals and quickly learn to perform responses for brain stimulation even 
when the interval between brain stimulations is as long as а day.?? Other 
animals appear not so much to lack drive to perform responses as to find 
the entire situation so aversive that they respond by freezing at the end of 
the box farthest from the lever with their backs to it. When so many 
neurons are activated in such а complex and unnatural way by electrical 
Stimulation, it is not surprising that the aftereffects of “rewarding” brain 
Sumulation are aversive in some (but not all) cases. 

, he complexities of research on rewarding brain stimulation enis not 
Sean the significance of the basic findings. There appear to е speci 

9ns in the brain, which for consistency we shall term positive and 
ncBative incentive nodes, that represent pleasure and displeasure. Animals 
ш аг and perform responses in рта cand e edm 

and to prevent the activation of negative incentive noces. 

роп appear to function as incentives for different drives such that natu- 
57У Induced hunger will enhance the rate of self-stimulation at ger tain 
creasing levels of sex hormones will enhance the self-stimulation 
er sites, Stimulation at these latter sites sometimes leads to semi- 
on.?! In general, the anatomical locus of reward centers is ap- 
ately the same as the anatomical locus of the relevant drive centers, 
€ same electrode able to produce drive at low levels and reward at 
levels, Thus there can be little doubt that self-stimulation studies are 
incen B With the activation—albeit in a rather unnatural way—of reward or 


urons in natural motivational systems. 
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THE EFFECTS OF MOTIVATION ON LEARNING AND PERFORMANCE 


Amount of Reinforcement 


The greater the amount of reinforcement, the higher the level of ре” 
formance of conditioned responses. For example, the time it takes hungry 
rats to run down an alley from a start box to obtain food in a goal box 
decreases from trial to trial as they learn there is food in the goal box. The 
greater the amount of food in the goal box, the faster the rats run. How- 
ever, for such cognitive expectancy learning (in birds and mammals), the 
effects of amount of reinforcement appear to be entirely on performance 
rather than on learning.?? That is, rats appear to learn equally quickly a 
either low or high levels of reinforcement that there is food in the goal box, 
but performance, as measured by running speed, depends both on xs 
degree of learning and on motivation to perform the response. The cas 
experiments of Crespi and Zeaman demonstrated that when the amount : 
reinforcement was shifted during the course of learning, from low to high 
or from high to low for half the rats in e 
running speed shifted immediately to the 
level of reinforcement. (There was eve 
fect.) If low reinforcement had 


ach reinforcement Has 
level appropriate to the aupres 
n some overshoot, or contrast € 
produced a lower level of learning. perm 
mance for the group shifted from low to high should have been below is 
of the high group for a considerable number of trials following the shi t 
Instead their performance increased abruptly to the same level as the ү 
group, which demonstrates that the degree of learning obtained in pr 
trials preceding the shift must have been approximately the same for ней 
low and high reinforcement conditions, but that the performance ie 
(running speed) depends on both the degree of learning and the incenti" 
for performing the conditioned response. W 
greater reward means a greater ince 
necessarily greater learning.?? 


" Bo -olled: 
hen drive level is control e 
: ~ - 1 
ntive to perform a response, but 


Drive Level 


Р э зр с n . m m gri 
The same sort of conclusion applies to the effects of drive level on P 


formance and cognitive expectancy learning. That is, drive level appears 
affect performance but does not necessarily affect learning, so long 25 ie 
organisms perform the necessary responses to expose themselves (0 E 
contingency to be learned and provided their attention is not distracted 
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Strated that when level of water deprivation was switched from two to 22 
hours or from 22 hours to two hours during the course of learning, run- 
ning Speed in an alley to obtain water shifted almost immediately to the 
level appropriate for the group that had been run continuously under the 
Same drive condition.” Latent learning experiments described in Chapters 
1 and 7 point to the same conclusion: regardless of motivation level or- 
8anisms can learn what leads to what. 

Motivation only affects learning indirectly, by controlling performance 
and attention. The least successful experiments in demonstrating latent 
arning are those in which animals that are running a maze are under the 
control of a different drive—for example, the thirst drive to obtain 
Water—at the time that they are systematically exposed to the presence of 
food ina particular location. In one experiment, rats had to stumble over 
food Pellets in order to get to water, but later, when they were hungry, they 
“emonstrated very little learning of the location of food.?* An animal that 
was completely satiated with respect to all relevant drives, including ex- 
P Огабгу drives (by way of prior exposure toa maze), would probably learn 
es little concerning the location of food that was pus ad in a сет vm pani 
t the тале, because it would be so unmotivated that it w ould not per for m 
on Necessary exploratory behavior to expose itself to the location of the 
om! Owever if the animal were moved through the тше рез t, latent 

Ing could probably be demonstrated (provided it was ian a 8. v" 
rica basis of present evidence, it puer " ј "cuir (eer ox ego 
Mee 08 has no direct effect on degree of ей ү it a Hs D 

5, through performance and attention, can De COnsIC ега a ds 
if you did not have some degree of motivation to read a book, vou 
Not open it and could hardly learn what was 1n It. 


Summary 
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A drive is a desire to achieve a goal that is at least partially initiated by a 
iff Р : á s a e als e 
difference between the current state of an organism and the goal state 
With respect to some dimension such as cellular dehydration for thirst, 


Sug; MR à Mir 
ugar metabolism or fat level for hunger. an awareness of danger sig 


Nals for fear. 
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Satiation with respect to some drive is the achievement of the goal state 
for that motivational system. The peripheral sensory stimulus for satia- 
tion of thirst appears to result from neural taste signals originating 
from the mouth as a result of drinking. The peripheral sensory stimuli 
for satiation of hunger may sometimes arise partly from the taste of 
food in the mouth, but the primary cause of satiation of hunger i5 
probably some humoral cue arising from the presence of food in the 
stomach. 


Reinforcers are subgoals that have to do with achieving the goal state and 
eventually reducing drive. Primary reinforcers are either innate or 
learned in a highly prepared way. Secondary reinforcers are learned m 
a more cognitive and probably less prepared way. Primary reinforcers 
eventually result in reduction of drive, but typically do not do so 1M- 
mediately and may often increase drive in the short run. Secondary 
reinforcers by themselves do not reduce drive. 


An incentive is the combination of a drive and a related reinforcer. 


The regulation of internal bodily functions such as temperature may е 
largely by means of drive-reduction (homeostatic) motivational contro 
systems in which the drive (for example a discrepancy from Өр 
temperature) produces a response (vasoconstriction) that reduces th 

discrepancy from the goal. 

Motivational systems that involve substantial interaction with the ек 
nal world (such as hunger, thirst, sex, and fear) use incentive contro 
systems. Both internal (state of the organism) cues and external ic 
forcer (incentive) cues contribute to total drive. Animals perform pre 
viously learned responses and learn new associations to achieve positive 
incentives and avoid negative incentives, not to achieve zero drive. ТЕР 
is a locally positive feedback system: Drives turn reinforcers into усе 
tives that the organism works to achieve, the incentives maintain É 
increase drive. When enough primary reinforcement has hee 
achieved (enough water has been drunk), special satiation mechanisH 


come into play to inhibit the motivational system (thirst) that was СО 
trolling behavior. 


There appear to be specific centers (nodes) in the brain that represent 
drives and (positive and negative) incentives. Activation of a pono 
incentive node—a pleasure center—serves as a reward that prot 
the tendency to perform the response that produced stimulation oft А 
pleasure center. Activation of a negative incentive node acts p* 
punishment that reduces the tendency to perform the response f 
produced stimulation of the negative incentive node. 


Я : Я itiv€ 
Incentive nodes are related to specific drives such that some Lael 
incentive nodes are more rewarding if the animal is hungry and ot 
nodes are more rewarding if the animal is sexually aroused. 
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The amounts of reinforcement and drive level affect performance but 
have no direct effect on how much is learned in cognitive expectancy 
learning by higher organisms. However by affecting the stimuli that are 
attended to and the responses that are performed, motivation can indi- 
recily affect what is learned—or whether anything is learned at all. 


Learned Motivation: 
Acquired Drives 
and Reinforcers 


OBJECTIVES 

l. To describe how neutral stimuli acquire the capacity to elicit fear 
through association with aversive stimuli. | sit 

2. To discuss the role of fear in escape, avoidance, and punishme 
tasks. — 

3. То present the cognitive theory that organisms perform me 
avoid negative incentives rather than to reduce fear drive, as an ith 
planation of the difficulty of extinguishing avoidance responses W 
conventional methods. TA 

4. 


ч 


9. 


10. 


To point out that punishment does not weaken associations. x ей 
stead establishes an additional association between the punish 
stimulus-response compound and a negative incentive. hich 
To describe the concepts of innate and learned safety signals, w^ 
indicate freedom from danger. ing 
To describe the capacity of learned reinforcers to facilitate learn! 
and retard extinction. 


9 ; | ion of 
To describe the factors that influence the 


acquisition and extinct 
the secondary reinforcement у 


alue of a stimulus. | 
To provide support for the cognitive interpretation of гейш 
reinforcers as subgoals that are use 

primary reinforcers. 


ary 


E a Б а “currence 
ful in predicting the occurre 


euch 
To describe the failure of attempts to condition appetitive drives s 
as hunger or thirst to neutral stimuli by pairing these stimuli V 
states of hunger or thirst. ie 
To discuss learned helplessness pud 


and its possible relationshi} 
pression. 
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А Most of the goals toward which human beings strive have been heavily 
influenced by prior learning and are far from being innate incentives. The 
desires to own one's own home, to have a new car, to graduate from college, 
10 get a good grade on a test, or to be elected president of a club are not 
innate reinforcers. Even the good tastes of foods had to be acquired as 
Positive reinforcers at one time, though this learning process is highly 
Prepared (as we discussed in Chapter 2)—that is, strongly constrained by 
Senetic factors. No one knows the set of truly innate or highly prepared 
Primary rienforcers: they are probably a relatively small set in comparison 
to the vast number of secondary reinforcers that have become associated 
through learning with primary reinforcers. А І 
ће subject of acquired motivation can be organized on two binary di- 
mensions; appetitive versus aversive motivation and learned drives versus 
tarned reinforcers. First, we shall discuss acquired fear, the principal 
Peas aversive drive that has been studied. Secad, we jo раена 
Niro, safety, the principal learned positive пагран жена һе уа rol 
с е Third, we shall discuss secondary (learned) reini rosas M the 
PPetitive sphere. Fourth, we shall discuss the mixed evidence regar ding 
ite of learned appetitive drives. Finally ue oi a ca at 
Profan and depression which is a learned lici n: Tnm E 

Ceres behavioral consequences, that can resu t frc XJ 
able 


aversive events. 


LEARNED FEAR 


Conditioneg Fear 


it sic Study by Watson and Rayner demonstrated that a one-year-old 


(the Named Albert developed a fear of a previously neutral EE 
Paire Of a rat) as a result of a classical conditioning pee has 
уор the Sight of a rat (CS) with a loud, unpleasant soun ER $ w me | 
Other ~ an unconditioned emotional response (UR) amip ie e үз 
the wee et signs of fear.! Following the seas qid o x ji H 
ang, Пе rat, the fear generalized to other animals such as a ae pi en 
been Urry obiects such as a ball of cotton. Not all subsequent stu riw have 
Strat Successful in producing conditioned fear. and Valentine demon- 

d the "by ving that fears are more 
Sasily o the role that preparedness can play ki аа jects, than to other 
“Бес nditioned to some stimuli, in particular furry objects, 


5, suc З ч 2 
uch as à pair of opera glasses. 


1 
J.B О | 
- Wats " - = ional Reactions." Journal of Experimental 
rus 1920 db WM “Conditioned Emotiona! ке 4 
ч The of Genetics and Psychology, 1930 (37). 


394.2 15: Valentine, 


The Innate Bases of Fear." Journa: 
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Escape 


An aversive stimulus such as an electric shock generally produces vigor- 
ous attempts to escape from the situation. A device that has frequently ven 
used to study escape learning is the shuttle box, which is a chamber divid e 
into two compartments separated by a hurdle or a door. The floors of E 
or both compartments can typically be electrified to produce a pam al 
shock to the feet of an animal placed in the compartment. An anime 
shocked in one compartment will run and jump about until it finally jumps 
over the hurdle and escapes into the "safe" compartment. In one-way i 
cape experiments, the two compartments are distinctively different cin 
might be black and the other white), and the animal is only shocked in € 
of the two compartments. This becomes the dangerous compartment, M 
the other becomes the safe compartment. In two-way escape experiments, 
the two compartments are identical, and the organism learns that the com 
partment in which it is initially placed is dangerous and that it must get pm 
the second compartment in order to escape shock. There may be no logica 
ambiguity concerning which compartment is safe and which is dangerous 
in the two-way task, but there are obviously more cues available to disti? 
guish the safe and dangerous compartments in the one- 

Neal Miller's classic experiment demonstrated that 
stimulus can acquire fear dr 
new response so as to esca 


way task. 

a previously neu fa 
& B а -ni е 
е properties that motivate the learning 9 
The 


tral 


pe from the newly acquired danger stimulus. Я 
basic task involved a shuttle box with a dangerous white comparumene © 
safe black compartment and a door between the two compartments йя 
was initially unlocked. The rat was first Shocked in the white compartme- 
and learned to escape through the door into the black compartment. T m 
procedure established the white compartment as a dangerous feat 


$ ө я - Р ed by 
inducing stimulus. The door was then locked, but it could be opened T 
turning a wheel inside the w 


hite compartment. Miller demonstrated ш 
many rats learned the completely new wheel-turning response to сар 69 
from the white compartment even when no shock was ever presented agal 
in the white compartment.’ 

Brown and Jacobs also demonstrated the capacity of fear to motivate ^ 
learning of an escape response: jumping over a hurdle into the safe Co” 5 
partment. In this experiment the rats were first shocked in the dangeron? 
compartment without any Opportunity to escape. Once that compartmen 


i -ape 
was established as dangerous, the rats learned to jump the hurdle to escape 
from the dangerous compartment, ey T 
presented.* 


te the 


$ < ck V 
en though no further shock 


Ser" ax ч "- 5 : 4 n. 
IN. E. Miller, "Studies of Fear as an Acquirable Drive." Journal of. Experimental psycholog 
1948 (38), 89-101. * 


‘J. S. Brown and A. Jacobs, “The 


a of RE 
` Journal of Experimental Psych 


Role of Fear in the Motivation and Acquisitior 
ology, 1949 (39), 747-59. 
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NE. Геки of new responses in these studies occurred even though 

résulte en TÉ йә longer presented in the dangerous compartment. Such 

fear Fin. in that a neutral stimulus can acquire the capacity to elicit a 

fidit ‚ and that animals will learn new responses in order to reduce the 

ihe БМО „тонер, the results are just as easily interpreted to mean that 

rom wl Ti y neutral stimulus has become an acquired negative incentive 
which animals will learn to escape. 


Avoidance 


m a small step from Miller’s escape-from-danger paradigm © ап 
placed s paradigm. In an avoidance paradigm, Solomon and W ynne 
Signa] co їп one compartment of a shuttle box, then gave a warning 
avoid i ), followed ten seconds later by a shock (US). The dogs could 

shock by jumping from one compartment to another in the ten 


Seco : : : 
e Nds before the shock came on. For the first few trials the dogs experi- 
“ced the s} 


into the ot} hock and eventually managed to escape. Once Exi e ae 
shock cq ther compartment in less than ten seconds and thus m sj the 
Came et pletely, they continued in later trials to jomp betone the shock 
latencie and never again experienced shock. Furthermore, the Jumping 
ч Continued to decrease for many trials after the last shock? 
cess. p ding to Mowrer and Miller, avoidance learning is a two-stage pro- 
irst, the animal conditions an emotional fear drive to the warning 
y A a a response is effective in escaping from the CS, it is reinforced 
bor on of the fear drive.® — 
ere a bo ni ams have investigated escape and = ance iu 
Ock ra тава response had to Бе made to the CS in order to avoj the 
N toe ther than the response which had to be made once the shock came 
but fig E from shock. Such learning is possible under some conditions, 
and ауса пру is considerably more difficult Mey vien eu a м 
lays an "ance responses are identical or highly similar." reparedness also 
tory of ; important role. Bolles has emphasized that animals have a reper- 
innate responses to painful or fear-inducing stimuli, such as escap- 


in 
Or o, Ў " 
C А s 
learn ccasionally crouching.’ If the escape or avoidance response to be 
y of responses to aversive 


55 relatively high on the innate hierarch 


и L. Р "e " 
Dog, solomon and L. C. Wynne, “Traumatic Avoidance Learning: Acquisition in Normal 
3yc, Б di ‚ а > 
қо Mille; y бай Monographs, 1953 (67), No. 354. 
1 p um fo к ” E > 
трг, tate, as an Acquirable Drive.” D. Н. Mowrer, "О p 
» 109.4 n of ‘Conditioning’ and *Problem-Solving. 


r, "On the Dual Nature of Learning: A 
„vard Educational Review, 1947 


as an Intervening Variable in Avoidance 
1 Psychology, 1946 (39), 29-50. 

' in G. Н. Bower (ed.), The Psychology of 
Press, 1972, pp. 97-145. 


H. M 
T о x 
ino rer and R. В. Lamoreaux, "Fear 


Oning » ear 4 
Leg, C. Boll Journal of Comparative and Physiologica 
ning es, “The Avoidance Learning Problem," 


an À А = 
4 Motivation, Vol. 6. New York: Academic 
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stimuli, it will be rapidly learned, but responses that are ан low in the 
hierarchy will be learned only with great difficulty or not at g n — 

As we noted in Chapter 4, conventional extinction of avoidan sn 
sponses is extremely slow, and sometimes avoidance responses venis is 
tinguish at all. From a cognitive standpoint, the failure to жүк coat 
surprising. If the CS is followed in ten seconds by electric shock а E re" 
have learned an avoidance response that they always perform in less ne 
ten seconds, then the animals never have the opportunity to leant Le E 
shock no longer comes on. For the two-factor fear theory, the T киз 
extinguish has been a problem. Since the C$ is no longer paired with s m 
the fear associated with the CS should extinguish and reduce the den sd 
tion to perform the avoidance response. This should result in iin ciem 
latency, giving the animal an opportunity to learn that the previous? 
dangerous compartment is no longer dangerous. | does 

Under many conditions, this does not appear to happen. W eh p 
happen is that the latency of performing the avoidance CR to the diet 
creases to some asymptotically low level and stays there, somet m 
indefinitely—at least beyond the patience of most experimenters. pei 
Kamin, and Wynne demonstrated that when extremely painful elec em 
shocks were used, dogs would continue to perform the avoidance pe pue 
with a latency that was maintained at an asymptotically low level for ата 
dreds of trials. The avoidance response was essentially not extinguishan g 
unless special therapeutic methods were used, such as restraining the ad 
in the dangerous compartment to expose it to the fact that the comp: 
ment was no longer dangerous.? ей 

The extreme difficulty in extinguishing fear appears to be едри 0 
with the difficulty that human beings often have in extinguishing e 
reactions even when, from a rational point of view, they are clearly pii 
terproductive in most of one's current life situations. For example. "uidi 
people clearly recognize that they have an irrational level of social poen 
that prevents their having comfortable relations with other people. oe 
ingful reductions in social anxiety often require special methods of tt С e 
ments over periods of months or years. Of course the social environmen n 
a human being is rarely so benign as to constitute a 100 percent extinct 
condition for social anxiety, and partial reinforcement greatly length 
the time of extinction, as we saw in Chapter 4. 

Some human fears can be extremely persistent, but there is rcaso zer 
believe that after many trials of avoidance conditioning animals no un m 
have much fear; nevertheless they maintain a high level of avoidant” ai 
sponding even though they appear calm and controlled, almost indiffe! 


ens 


n to 


"К. L. Solomon, L. J. Kamin, and L. C. Wynne, "Traumatic Avoidance Cepia 
Outcomes of Several Extinction Procedures with Dogs.” Journal of Abnormal and Social Ps) 
ogy, 1953 (48), 291-302. 


The 
hol- 


Learned Motivation: Acquired Drives and Reinforcers 157 


to the situation. Measurement of autonomic indicators of fear of the CS, 
such as increased heart rate, indicate that the fear extinguishes; still the 
animals perform avoidance responses at a high level.'? Also, Kamin, 
Brimer, and Black showed that the ability of the CS to suppress other 
ig anro declines after successful avoidance responding." Thus, 
‚© fear drive may be an important component in the initial learning of 
avoidance responses, it does not appear to be necessary for its maintenance. 
i Such anomalies are easily explained by the theory that animals work not 
hl drives but to achieve positive incentives and avoid negative расе 
sive fen om this standpoint, an animal does not need to be under an aver- 
We» AT drive in order to perform an avoidance response. All that is 
deat is that the organism anticipate a negative incentive if it remains in 
the шы ш, compartment, and this paua is sufficient to motivate 
же nne of an avoidance response? —— —— й 
conditio s this move SOE INNS perspective, as we po Бп й 4 is m : са 
hegatte Mrs for extinction of the association between the c anger 78 and d 
dangero incentive are absent, because the animal inea ^ Mcr in the 
DAN Gi compartment for the length of time it takes for ihe negative 
pire We to occur. This is true because CS onset and the danger OMS КОЕ 
енен do not constitute the complete danger CS, which in co ap is 
бен ing in the dangerous compartment longer than. ten secon s 8 ter 
enou nig? of the CS. If the animal never remains m the compar ment ong 
sg It never experiences the CS and therefore has no oppor unity to 
ör P the US does not follow the CS. That is, tie necessary Ron des 
giga: aA are not present, and so there 15 no reason s expect muc 
rtm jon un] al to remain in the dangerous com- 
Cups, е W f a restraint or immobilization by 
are, extin 


ess by forcing the anim 
hen this is done, by means о 
2 > Ёё a — | 
ction of avoidance CRs occurs. 


Fe 
ar Summation 


Res А y 
SCOrla : rn r Е / та 
raj rla and LoLordo used a special procedure designed by Sidman to 


ain . : "е" " 
Sc ned ОВ? to avoid an electric shock. The Sidman avoidance procedure 
ules i j hurdle fr 
опе „65 а shock every ten seconds unless the dog jumps the hur rom 


Comp: г. ] 
Mpartment of a shuttle box to the other. If the dog does jump, the 


10 
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next shock is postponed for 30 seconds. Such a schedule leads dogs to avoid 
shock indefinitely by maintaining a steady level of instrumental jumping 
responses. After a stable rate of responding was established, Rescorla and 
LoLordo arranged the box so no jumping was possible. Then they pre- 
sented many classical conditioning trials consisting of a five-second 1200 
hertz tone (CS +) followed by unavoidable shock through the grid floor of 
the box. On other trials a 400 hertz tone (CS —) came on for five seconds 
and was not followed by shock. Under such conditions the CS-- came to 
signal the arrival of shock, while the CS — became a conditioned inhibitor of 
shock. Days of this type of classical conditioning alternated with days in the 
Sidman avoidance procedure for a total of five classical conditioning days 
and seven avoidance days. Following this preliminary training, dogs were 
tested under the Sidman avoidance procedure, but at random times the 
CS + or the CS — was turned on to determine if such stimuli would have any 
effects on the rate of performing the avoidance response of hurdle jump- 
ing. The significant effects were that the rate of performing the avoidance 
response tripled immediately after the CS 4- was presented and fell almost 
to zero immediately following the CS—. After the CS— went off, the re- 
sponse rate gradually increased to baseline level over 
a minute, but after the CS+ went off, a more intere 
played: Within about five to ten seconds after the CS+ termination, 
sponse rate fell abruptly below baseline level. On these test trials, no shock 
followed either the CS+ or the CS —, so the effect on response rate coul 

not be due to the presentation or termination of shock itself." An illustra- 


tion of how performance of an avoidance CR can be affected by present” 


tion of an added danger (CS +) or a safety signal (CS —) is shown in Figure 
6-1. 


| Е 
a period of about hal 


sting pattern was p» 
re- 


Rate of Performing Avoidance CR 


normal | extra normal normal 
нас, дапдег baseline | baseline 

condition " er 
condition condition 


" " | 
Figure 6-1. The hypothetical results of a fear summation experiment where a baseline level © 
performance of an avoidance CR is increased by presentation of an extra danger signa! ( 

and decreased by presentation of a Safety signal (CS- ). 


“R. А. Rescorla and V. M, LoLordo, 


Com- 
parative and Physiological Psychology, 


“Inhibition of Avoidance Behavior.” Journal of 
1965 (59), 406-12. 
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The results cannot be accounted for in terms of summation of association 
to the particular avoidance response, since no response to the CS + in the 
Classical conditioning procedure affected the probability of occurrence of 
the shock. However, the results can be explained under the assumption 
that the CS + or CS — summed with the danger cues in the avoidance situa- 
tion to produce a summation or a reduction of fear. According to a more 
Cognitive interpretation, the summation was in the expectation of danger, 
with the CS — functioning as a safety signal indicating a period of time free 
from shock. м ` 

The results of the Rescorla and LoLordo study can be interpreted in at 
east two different ways. Solomon and Corbit theorize that emotional states 
are organized into mutually inhibitory pairs such that the presence of an 
crease in fear would be followed by a period of relaxed euphoria and a 
Bradual return to baseline, as occurred in this case. Interestingly enough, 
the same theory predicts that a state of euphoria is the second stage of а 
баг reaction and therefore would exhibit a simple return to baseline with- 
9ut an Overreaction in the opposite direction, which is exactly what hap- 
Pened here i5 Another reasonable interpretation is that the dogs had 
“arned that the shock terminated shortly following the CS+ and thus the 
Nai of several seconds following the CS + became a learned safety signal 
ча generalized to the condition when the shock did not follow the CS +. 


Punishment 


Presentation of a conditioned fear stimulus will suppress an ongoing 


sponse, but a generally more effective and > зан ien d маа = 

e su 15 to punish their occurrence. Thorndike at first elieve ah 

hu o those of reward—that reward 

san cases the tendency to make a response and punishment voor the 

are, € dency. However, it is now clear that the dynamics of puns iment 
nse by establishing a compet- 

response compound and a 


punishment were symmetrical to 


ing d Punishment psig ee a ig em 
ЧУ) associati ? stimulus- : 
negative Убиени ied stimulus) rather than by weakening 
ome eviously established SR-K association between а аа 
le, und and a positive incentive (K). For example, re rdi 
Att pressing response using a fixed-interval schedu E 8 ет pim 
not, = beginning of extinction, half the rats were punis к en wc : 
Of tj 1° punished animals completely suppressed responding tor a perio 
€, but they eventually emitted the same total. number of responses 
ast extinction as the rats that had not been punished. S 
5 found that punishment did produce a slight reduction in the 
15 
ыг I, Solomon and J. D. Corbit, "An Opponent-Process Theory of Motivation: I. Tem- 
ynamics of Affect.” Psychological Review, 1973 (81), 119-45. : 
* Sinner, The Behavior of Organisms. Englewood Cliffs: Prentice-Hall, 1938. 
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number of responses emitted in extinction of the appetitive lever-pressing 
response (when food was no longer produced by lever pressing), but that it 
never did completely eliminate the need for extinction. Here again the 
temporary suppression produced by punishment was followed in all cases 
bya resumption of responding on the lever, and it took many unrein forced 
responses for the rats to learn that pressing the lever no longer produced 
food. A subsequent experiment by Boe and Church used a more intense 
electric shock as punishment and obtained more permanent efus; of 
punishment in reducing the number of responses during extinction. А 
So there is nothing necessarily transient about conditioning to negative 
incentives. However, the fact that at some levels of punishment one can 
obtain immediate suppression followed by recovery and then extinction of 
the appetitive response seems plausibly explained by the notion that the 
organism has learned two associations: between the stimulus-response 
compound and the positive incentive on the one hand, and between. ше 
stimulus-response compound and the negative incentive on the other. The 
associations to both the positive and negative incentives can be acquired 
and extinguished independently. . 
One of the most paradoxical findings in the animal-conditioning litera- 
ture comes from an attempt to decrease the performance of an avoidance 
response by reversing the contingencies and pun ishing performance of ше 
avoidance response but not punishing failure to perform the avoidance 
response. For example, a dog that has been conditioned to jump a hurdle 
from one compartment to another to avoid shock is no longer punished me 
remaining in the previously dangerous compartment, but is punished, by 
electric shock, for jumping into what had previously been the safe com- 
partment. The results were not that the dogs were induced to stop ре!" 
forming the avoidance response, but rather that they jumped faster ап 
more vigorously into the shock than they would under the conventiona 
extinction procedure alone.'* A variety of other studies using aversive 
stimuli have also produced such vicious-circle behavior.!? The reason for 
this is not clear, but one plausible hypothesis is that the punishment main- 
tains a high level of fear in the situation and the animals continue to make 


the response that they have previously learned to make in the presence о 
such fear. 


There may be some analo 


* x ж . an 
f gues of this experimental finding in hum4 
experience. If one w 


i : : anxious 
ishes to change the behavior of an extremely апх10Ч 
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individual, punishment of inappropriate behavior is probably not a wise 
procedure. If, as is likely, the inappropriate responses were performed 
because of the anxiety, punishing these responses will increase the anxiety 
and may actually increase inappropriate behavior. 


LEARNED SAFETY 


The reduction of an aversive stimulus such as pain or fear is a positive 
Incentive, but the presence of some stimuli appear to positively signal safety 
and Security as well. Some stimuli appear to be innate safety signals. For 
ed n nocturnal animals appear to feel safer in dark places, anid bur- 

8 animals undoubtedly feel safer huddled in small holes in the 
8round, ? 
con, Addition to innate safety signals, previously neutral stimuli сап also 
to serve as learned safety signals, if they are associated with the 
ion ена of aversive stimuli. In the experiment of MENS E 
abs E Bel erred to previously, the CS – that had been associate wi 1 » 

Ence of shock came to serve as a learned safety signal that reduced the 
herformance of a fear-motivated response.” The standard habituation 
e epic can be interpreted as conversion ofa novel їлїшї bee rini 
sab mild fear into a safety signal, but there is no definitive ede Mes that 

“uated stimuli ever became more than neutralized danger signals. 
пе hypothesis that animals actively learn that something is safe has been 
nded by Rozin and Kalat to include what happens when animals learn 
а novel food is safe to eat. Their hypothesis was that after an animal 
› à novel food, the association between the food and safety is 
thened so long as the animal remains healthy, and the longer the 
a! following ingestion in which the animal does not become sick, the 
om oct the association between the food and safety becomes. They also 
he mor ated that the longer the time after consumption pi 5 <a xo 
the m m food without resu ting i ness, 
Ome е aversion to the food on 

пе Subs 

"s pro 


absen 


Exte 
t hat 


Streng 


frequently a rat has consumed the 

resistent the rat is to forming a learned : e food. pn 

€quent occasion when eating the food is followed by poisoning.?? 

in bably explains why most of our food aversions are developed 

sions 8 early childhood, and why we are not continually for ming е з er- 

Berman Pt in rare instances for an infrequently eaten food such as sauce 

5€). Once we have learned that a food is safe, this learning appar- 

20 

" sp orla and LoLordo, “Inhibition of Avoidance Behavior.” | 

Чоп, prn and J. W. Kalat, "Specific Hungers and Poison Avoidance as Adaptive Specializa- 

L "La m en Psychological Review, 1971 (78), 459-86. КИ 
атты, alat as a Mechanism in Long-Delay Taste-Aversion 


е and P. Rozin, " ‘Learned Safety 
in zin, „earned эа == ^ E 
Sin Ваш Journal of Comparative and Physiological Psychology, 1973 (83). 198-207 


162 Learned Motivation: Acquired Drives and Reinforcers 


ently protects us from forming an aversion to it if on some later occasion we 
become sick shortly after eating it (unless this happens repeatedly). It is 
primarily only to relatively novel food that we develop an aversion, pro- 
vided we become sick after eating it. 


SECONDARY REINFORCEMENT 


Food for a hungry animal and water for a thirsty animal are primary 
reinforcers—positive incentives for which an animal will learn and perform 
responses independent of any association of food or water to other stimuli. 
Such primary reinforcers are often considered innate or established by 
highly prepared learning. | 

For humans and other higher organisms, most reinforcers are not pri- 
mary, but are established by ordinary learning through association with 
primary reinforcers. For example, money has little or no primary reward 
value, but obviously it has considerable secondary reward value for hu- 
mans, because it can be exchanged for a variety of primary reinforcers: 
People will work for money asa subgoal, even if some time elapses betwee? 
when they obtain the money and when they exchange it for a primary 
reinforcer; but they will do so only so long as money retains the capacity (0 
be converted into primary reinforcers. If a government collapses, ап 
everyone quits accepting its money as a medium of exchange, the money 
loses its value as a secondary reinforcer, except insofar as there is some 
hope that it might regain its functional value. However, both human €x- 
perience and laboratory experiments have established that the reinforce 
ment value of a secondary reinforcer almost completely extinguishes if the 
secondary reinforcer is no longer associated with primary reinforcement. 


In fact, perhaps the best criterion for distinguishing between a primary ап 
à secondary reinforcer is w 


à : hether the reinforcement value can be be 
haviorally extinguished. 


The Properties of Secondary Reinforcers 


Secondary reinforcers have a number of properties that have been dem" 
onstrated in laboratory experiments. First, the presence of a secondary 
reinforcer can prolong extinction of an instrumental CR previously fol- 
lowed by primary reinforcement.?? For example, animals that have learnt 
to run down an alley to obtain food from a cup in the goal box will maintain 
the conditioned running response at a higher lever during extinctioP 


?*R. Bugelski, "Extinction with and without 
Psychology, 1938 (26), 131-34. R. C. Miles, 
cers Throughout Deprivation and Habit. 
Physiological Psychology, 1956 (49), 196-30. 
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When the food is no longer present in the goal box, if the food cup itself 
remains in the goal box during extinction. 

Second, secondary reinforcers can be used to reinforce the learning of 
new responses. Grindley showed that hungry chicks learned to run down 
an alley reinforced by the mere sight of food in the goal box. Saltzman first 
trained rats to run down an alley to obtain food in a white goal box, then 
Placed the rats in a modified T maze, with a white goal box at the end of 
Опе arm and a black box at the end of the other arm. The rats then learned 
to make a turning response in the T maze reinforced only by the presence 
of the secondary reinforcer, the white goal box. (Of course a control group 
that had been fed in a black goal box learned to go to the black goal box.) 

ventually, however, such performances extinguish, presumably as the as- 
Sociation between the secondary reinforcer and the primary reinforcer 
extinguishes, Grindley and Saltzman found that the secondary reinforcing 
value of the sight of unavailable food and of the previously positive goal 
rea anguished after a few trials when they were not paired with primary 
nforcement, Such extinction was indicated by slower running times in 

"indleyss alley and a return to random choices in Saltzman's T maze.?: 

hird, secondary reinforcement is also presumed to play an important 

in the original learning process. For one thing, much goal-directed 

havior consists of chains of responses, each of which achieves some sub- 

is ia eventually results in primary venliqunent НЫГЫ И БИР 

fun are considered secondary reinforcers, ап À ганнан учи 

achiever to obtain subgoals that have previously | t озегин 
r der some circumstances 


Б nent of some primary goal. Un ; rei 
e reinforcers learned subgoals) сап КРЮ omage cir dei 
ence ent intervals between critical choice responses de lay is лыш 
m For example, in Chapter 4 we discussed how if Я i dn mien 
etaim" making a choice response and obtaining а reward 1 ipiis о 
! ing animals in a delay box, the rate of learning the correc Р 


15 гер А acilitated if 
ardeq А : delays can be greatly facilitated i 

t - However ning with long delays : 

s ae Р d with the incorrect turns are 


delay b : oi a 

m ТУ DOXes or other stimuli associate m 
ban distinctively different in appearance, such as when ae а 4 
associ and the other white. Under such conditions animals сай m 
rs particular goal box with primary reinforcement (which makes 
cag Pol box à secondary reinforcer), and they can then € 2 one = 
Sto this secondarily reinforcing delay box but that the other does not. 


Tole 
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Under conditions of ordinary T maze learning, the more distinctive the 
difference in the stimuli characterizing the two alternative arms, the more 
rapid the learning.?9 Perhaps the distinctive stimuli of the correct arm 
become secondary reinforcers through their association with the reward in 
the goal box. Conversely, the more one equates the secondary reinforcers 
associated with the two alternatives, such as by placing food cups at the end 
of both arms, the more one retards the rate of learning.?? Secondary reim- 
forcement thus appears to contribute substantially to the simple behavior 
chain involved in learning a T maze. . 

Human affairs are of course filled with examples of behavior chains, 
each consisting of a series of responses (operants) that achieve subgoals 
(secondary reinforcers). For example, when I come home hungry for din- 
ner at the end of the day, my first subgoal is to select what I want to eat, ѕау 
lamb chops, baked potato, and asparagus. My next subgoal is to turn on the 
oven, wash the potato (and compulsively inspect for rot spots), and put itin 
the oven. Next, I set the timer for 35 minutes to tell me when to start the 
meat and vegetables. When the timer rings, I put some salted water 1 a 
sauce pan on the stove to boil, wash and cut the asparagus, put it in the pan: 
season the lamb chops, and so on. Some time later I get to eat! This exam- 
ple is trivially short compared to many human behavior chains. Clearly, 


secondary reinforcers play a basic role in all human behavior. 


The Acquisition of Secondary Reinforcers 


The strength of a secondary reinforcer 
ability to retard extinction or by its 
with any type of associative learning, 


is often measured either by 1" 
ability to reinforce new learning: in 
MH the strength of a secondary reinforce à 
is increased by increasing the number of pairings of the secondary 
reinforcer-to-be with primary reinforcement. There appears to be an op" 
timum delay interval between the secondary reinforcer-to-be and iae 
primary reinforcer. Bersh paired a light with the presentation of food in 7 
Skinner box at intervals of 0, 0.5, 1, 2, 4, or 10 seconds. After a number ° 

trials to establish the light as a secondary reinforcer, a bar was introduce 
into the box, and pressing the bar produced the light. The number of i 
presses during the first ten minutes of the test provided a measure of the 
strength of the secondary reinforcement value acquired by the light 28 G 
function of the time interval between the secondary and primary геш 
cers during training. This function showed a maximum for а forwar 

conditioning interval (secondary reinforcer before primary reinforcer) © 


? 5 Mackintosh, Animal Learning, рр. 576-79. 

#11), Ehrenfreund, "Effect of a Secondary Reinforcing Agent in Black-White рст” 
tion." Journal of Comparative and Physiological Psychology, 1 2 -5 imble, Conditio” 
and Learning, pp. 192-94. i TS GM, Наа 
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approximately half a second, with less secondary reinforcement value 
dbi ds iie by the simultaneous pairing conditions and declines for 
tiis er ard conditioning intervals. An experiment by Shoenfeld, An- 
that iis ne. Bersh obtained no secondary reinforcement value for a light 
"— presented one second after food was presented. Thus, backward 
А oning was ineffective.?* | 
ies other forms of conditioning. intermittent pairing of a reinforcer 
primar n of the secon- 
ary 


' reinforcer produces much slower extinctio 
Раге extiner; : previous stimulus. Fox and King com- 
that lam of secondary reinforcement value fora group of animals 
on all it experienced a buzzer (secondary reinforcement) Бунед by food 
On only esp age with a group in which the buzzer was follow ed by doas 
tained Sea of its occurrences. The intermittently reinforced o re- 
forced bi Secondary reinforcement value longer than the continua ly rein- 
to ы Мег, measured by the number of bar presses subsequently made 

Produce the ) 


einforcing properties of the 


buzzer.?? 

acquisition variable that 
5 the degree to which the 
€ primary reinforcer.?" A neutr 
presentation of a primary reinforcer acquires little strength asa 
ary reinforcer. All other things being equal, a transient stimulus 
at goes on and off) such as a tone burst or flash of light will attract 


attention than a continuously sounding tone or a continuous light 
{ Of course continuously available 


affects the strength of a secondary 
stimulus is attended to during presen- 
al stimulus that is not attended 


Stimuli ра secondary reinforcer. Lr aoa ag Jens 7а 
Sumy] - е often less predictive of the primary reinforces кара "E sien 
T», 5 Whose onset is immediately prior to primary reinforcement. 

© Informative or predictive value of a stimulus for signalling the oc- 
$ `a primary reinforcer is a major factor in a stimulus acquiring 
nor ni Y reinforcement. value. Cues associated with ine тена ane 
Мале Such as background lights and tones continually pr анай а 
Ох, acquire little or no secondary reinforcement value compar ed 

ass Xiat differently associated only with reward.?! Even a He са 
forcen ed with ment may develop little secondary rem- 
Cue Piby dundant, in the sense that some other 
f primary reinforcement or if 


primary reinforce 
Mas al alue if it is completely re 
already predicted the occurrence 9 
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another cue is a more reliable predictor. Egger and Miller taught rats to 
press a lever to obtain food, then they removed the lever and presented two 
neutral stimuli, S, and S,, in that order followed by food reinforcement. 
Under these conditions $,, the redundant predictor of food, acquired 
much less secondary reinforcement value than S,, as demonstrated by the 
ability of each to maintain lever pressing in a subsequent extinction test, 
where pressing the lever produced S, or S, but no food. 

Another group of rats received trials in which S, and 5, were consistently 
followed by food, but they also received trials in which S, was presented 
and not followed by food. For these rats $, was not so reliable a predictor of 
food as S,, even though S, still always occurred prior to $,. Under these 
conditions 5; the more reliable predictor, acquired slightly greater second- 
ary reinforcement value than S,. The results indicated that both the relia- 
bility of a cue and its temporal priority in a sequence of predictive cues 
affect the secondary reinforcement value it acquires.?? 

The amount of primary reinforcement associated with the secondary 
reinforcer-to-be usually has little or no effect on secondary reinforcement 
value, which provides support for a more cognitive interpretation of sec 
ondary reinforcement.?? In particular, a stimulus may serve as а secondary 
reinforcer not because it can be a positive incentive in and of itself (under 
proper drive), but rather because it has been predictive of primary yem” 
forcement, In many situations the capacity of a secondary reinforcer 18 
prolong extinction or to promote new learning may be only secondarily 
affected by the strength of the primary reinforcer's incentive value. 

More convincing support of the cognitive interpretation of secondary 
reinforcement is the fact that the drive level of the organism at the time the 
secondary reinforcer is established appears to have little or no effect on the 
strength of the secondary reinforcer. Brown gave two groups of rats 
pairings of light and buzzer with a food pellet. One group had high hunge! 
drive, the other group had low drive. Control groups at each drive leve 
received an equal number of presentations of the light and buzzer, but they 
were not closely paired with food. When the groups were subdivided for 
testing, Brown found that the secondary reinforcement value acquired 


the light and buzzer was unaffected by whether rats had acquired the 


secondary reinforcer under conditions of high or low hunger drive. ( 


"М. D. Egger and N. E. Miller, “Secondary Reinforcement in Rats as a Function of y 
mation Value and Reliability of the Stimulus." Journal of Experimental Psychology, 1962 (6i 


97-104. M. D. Egger and N. E. Miller, “When Is a Reward Reinforcing? An Experiment 


ht tatn formaiion Hypothesis.” Journal of Comparative and Physiological Psychology» 1 


"C. О. Hopkins, "Effectiveness of Secondary Reinforcing Stimuli as a Function of th? 
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339-42. W. F. Reynolds, W. B. Pavlik, and E. Goldstein, “Secondary Reinforcement Effects 5 
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Course, it was affected by whether the stimuli were paired with food.)** 

Secondary reinforcers can appear to serve as incentives under appro- 
Priate drive conditions to the extent that they activate the expectation of 
Primary reinforcers. The real incentive might be the combination of the 
expected primary reinforcer and the relevant drive, but from a behavioral 
Standpoint there may be little difference between primary and secondary 
reinforcers so long as there is no extinction of the association between the 


fcondar y reinforcer and its primary reinforcer(s). 


LEARNED APPETITIVE DRIVES 


Аз we h 


- ave previously discussed, a neutral stimulus that is consistently 
Paired wit} x 


1 an aversive stimulus that already evokes fear comes to evoke a 
Car drive, In view of this, it is reasonable to ask whether there is an 
арреццуе an : ther it is possible for a 
Neutr 
riv 


alogue of conditioned fear—that is, whe ] о! 
al stimulus that is consistently paired with activation of an appetitive 
bi а CS evoking the hunger drive. A number 
n this topic with the following basic 
environment during periods of 


ере hunger to become 
form. Ar пв have been performec ОП | 
extreme ^ animal is kept in a distinctive Fusce с. stake tt 
that еу unger, and later it is determined whethe ата ences 
hun vironment than in another environment nor рг ийысе att 
Cor бег, reported SODIEW E pos t- 

103, but the overwhelming majority have obtained negative outcomes. 
rears that neutral stinnali do not acquire the mee ыш Se 
as a result of occurring contiguously with naturally evo g 
Possible reason for this is the more gradual onset of natural hunger 
to апа the continuous presence of the environmental mes, as appo с 
induc, rapid onset characteristic of most conditioned sec inmate Ds 
118 stimuli. However when thirst is rapidly evoked by saline injections 


КШ: Stimulation of the thirst centers in the brain, d oc ta 
“Nee that neutral stimuli can become secondary арры aa QM 
drive ally, as discussed in Chapter 5, conditioned avia ed siad 
dur Nay well occur, but in a way that is exactly opposite 9. ae = 
9f mployed in the experiments on conditioned hunger driv ra ns 
bsence of food and eat- 


SSOcia+: ) s 
“ating a previously neutral stimulus to the @ 


A few of these experiments have 


ne 
ive 
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ing, one associates the stimulus with the presence of food and eating. To the 
extent that the positive incentive of eating food has the short-term, direct 
effect of increasing hunger drive, a stimulus that comes to be a secondary 
reinforcer, predictive of eating food, should also indirectly increase hunger 
drive. Closely related to this hypothesis is Schachter's theory that for many 
obese individuals activation of the hunger drive is largely under the control 
of external stimuli associated with eating, such as the sight of food. Schach- 
ter also theorizes that activation of the hunger drive for many nonobese 
individuals is much less affected by external stimuli and more under the 
control of internal deprivation cues, so there may be considerable indi- 
vidual differences in the magnitude of this effect.37 


LEARNED HELPLESSNESS AND DEPRESSION 


When I was a child my parents told me repeatedly that there was no limit 
to what I could accomplish if I worked hard enough, and my parents 
recognized and rewarded all my accomplishments, so that I fully believed 
this fantastic assertion until I was well into my twenties. I later discovere 
that this was something of an exaggeration, but the optimism and self- 


1 E Р inst 
confidence generated by it have to a large extent innoculated me agains 
the depressing effects of minor adv ilure 


ersities. Up to a point, at least, fa 
and abuse only induce me to w 


ork harder, and I remain certain of ultimate 
success. I only hope I can give my children the same type of headstart in life 
that my parents gave me. 

Most children are not so lucky. 'The most important features of a small 
child's environment are largely beyond his or her control. If that environ 
ment is largely negative—that is, if the child has few successes and many 
frustrations and disappointments no matter what he or she does—is it an} 
wonder such a child grows up to be a pessimistic and depressed adult? Ifa 
child's small accomplishments receive no recognition or praise, if indee 
the child's attempts to gain attention are rebuffed by parents who m 
wrapped up in their own problems, it would not be surprising if the chil 
learned that his actions make no difference. Such a child may develop ? 
basic belief in his helplessness to control the significant events in ше. 
Seligman speculates that one important cause of depression in adults is the 
belief that one is helpless to control the important events of life.?* М 

А number of studies support the conclusion that uncontrollable aversiVe 
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events tend to cause animals to give up and passively accept subsequent 
b environments, even when escape is possible.?* For example, dogs 
Y given 64 unsignalled and inescapable traumatic shocks were subse- 
к drastically тоге impaired in escape learning in a shuttle box than a 
dogs à group not previously given inescapable shock. In fact, almost all the 
Sandie ай previously received inescapable shock quickly gave up re- 
when d 8 аап and passively accepted the shock. Even on the fes trials 
fom a did Jump over the barrier, they appeared not to learn anything 
. , € experience, because on the next trial they would go back to 
ird taking the shock. This phenomenon is called learned helplessness. 
fine со ANA bei үлүе» bee! Ban on E bores жн 
With esca dis 8 against such learned helplessness | y pr з on as 
lo linen ы dle shock in a shuttle box. If the dogs have hac 9n oppo u ity 
Capable E escape and avoidance response, subsequent exposure to ies: 
Netus. Shock does not retard escape and avoidance when the dogs are 
TI ned to the shuttle box. 
ten erie also possible for learned helplessness. у а" аА and 
the eia. pulled "helpless" dogs from one side «ele pois i 
Orcible be order to terminate the shock. They repo! tes n Ө ^w to 5 
respon ja po gency, all dogs began to 
C succ 


sures to the escape-avoidance conun 
essfully.4! 


ntion was given to a study of “execu- 
an active response at a 
It was reported that 


| d thee € decision-making process, 0 i 
еу bur. me number and duration of shocks ee Y 
ear ү. ad no control over the shocks, did not develop ulcers.*? It is now 
“Nees "s the reverse is the case, that it is uncontrollable aversive experi- 
"ther than controllable aversive experiences that produce stress and 
able кы tendency to develop stomach ulcers. Uncontrollable but predict- 
locks produce less stress than uncontrollable and unpredictable 


deni ng Seligman, S. F, Maier, and R. L. Solomon, “Unpredictable and Uncontrollable 
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shock.?? These results are very reasonable. Controllability ана poesis. 
ity allow one to relax during the periods that one can be confident ades 
absence of aversive events, but unpredictable, uncontrollable aversiv 
events offer no opportunity to relax. Whatever causes stress шаш 
executives, it is not the decision-making process and the prediction ani 
control of events. Rather, it is more likely that it is the frequent uncontrot- 
lability and unpredictability of events among human executives who a 
to achieve greater prediction and control than is possible that produces 
stress and the stomach ulcers. 


SUMMARY 


1. Neutral stimuli acquire the capacity to elicit fear (the anticipation кей 
negative incentive) by association with aversive events. Such fear Са 
summate when two fear-inducing stimuli are present. . 

2. Animals can learn to perform responses motivated by the des! 
escape or avoid a fear-inducing stimulus. " 

3. Extinction of avoidance responses is slow because animals always e 
form the avoidance response and therefore never learn that paire 
perform the avoidance response is no longer followed by an avers бё 
stimulus. When animals are restrained from making the avoidan 
response, extinction is obtained. , 

4. Itis not the reduction of fear that reinforces and maintains yere 
ance of the avoidance response, but the anticipation of a prim 


yes : a " з Н per- 
negative incentive (the aversive stimulus) if the response 1S not [ 
formed. 


re 10 


(R) 


5 : в . ч esponse 
Animals learn to stop performing a previously rewarded resp has 


in some situation (S) not because the positive SR-K expectaney ; Ea 
been weakened by punishment, but rather because a new SR-N C ihe 
the punishing stimulus) association has been established between 
S-R compound and a negative incentive. 

There are innate safety signals, such as darkness for nocturnal ing 
mals, and it is possible for a previously neutral or even a fear-induc 


: ` Pie s В сео 
stimulus to become a safety signal by association with the absen 
aversive events. 


ani- 


ict 

Š z edic 

7. Secondary (learned) reinforcers, which are subgoals that t 

primary reinforcers, play an important role in learning a epe тег 
several responses to achieve a primary reinforcer. They also c2! 


Lee z P the 
tard extinction of previously learned responses and reinforce 
learning of new responses. 
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The acquisition of secondary reinforcement value for a stimulus fol- 
lows the usual laws of associative learning on the interpretation that 
the secondary reinforcement value of a stimulus comes by virtue of a 
learned association to some primary reinforcer. Thus, greater sec- 
ondary reinforcement value is acquired bya stimulus: (1) the greater 
the number of pairings of the stimulus with a primary reinforcer, (2) 
the more optimal the temporal contiguity, (3) the more salient the 
stimulus, and (4) the more predictive the stimulus is of the primary 
reinforcer. The amount of primary reinforcement and the drive level 
have little or no effect, consistent with the cognitive interpretation, 
Finally, intermittent pairing of the secondary and primary reinfor- 
cers produces slower extinction of secondary reinforcement value. 
It does not appear to be possible to condition appetitive hunger and 
thirst drives to neutral environmental stimuli by pairing these stimuli 
simply with states of hunger or thirst where no food or water is pres- 
ent. However, it may well be possible to condition a stimulus to in- 
crease the hunger drive by pairing that stimulus with food consump: 
tion (the exact reverse of the procedure of pairing the stimulus with 
food deprivation). 

Organisms learn to be helpless, not performing any responses to T 
Cape or avoid aversive events, as a result of earlier experience in whicl i 
they had no control over the occurrence of aversive events 1n their 
environment, Such learned helplessness in the early environment of 
children might be a significant cause of depression. 

Stress and ulcers are more likely to be produced by aneno ne a 
"predictable aversive events than by controllable or predictable av- 
€rsive events. 
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/ Animal Cosnition 


OBJECTIVES 


l. То describe the capacity of animals to learn how to solve new problem 
of a particular type faster as they gain increased experience with pro 
lems of this type. pm 

2. То discuss the capacities of animals to solve many problems at the san 
time and also to solve logically complex problems. 2] 

5. То describe the types of pattern (form), spatial (location), and tempori 
concepts that animals appear to possess either innately or (ЧО 
learning, including sameness versus difference, cognitive maps get 
images) of their environments, some representation of time dura ag 
ordering concepts such as single and double alternation, and the a?! 
to count and discriminate numbers up to five or so. -ate 

4. To discuss the inferential capacities of animals to combine separ* 

learning experiences so as to solve problems by insight. 


j А Mea кол with othe! 
To discuss learning by imitation of and through cooperation w ith o 
animals. 


UIt 


To discuss:the language-learning capacity of chimpanzees. 
AC АЙДЫ, 
The cognitive capacities of mammals are not strained by the eleme 
classical and in mental. conditioning tasks discussed in the previou "ci 
chapters. Mammals, especially primates, are capable of learning A 
more Cofhplex'toncepts and of using these concepts to solve problems ? 


2% am. я Г се acrancies 
achieve Gals: AS previously discussed, they establish cognitive expectat 


(sometimé Ма борите maps ог spatial images) of the relations aD 
tween places environment. Such maps have greater general use oe 
ness in goal achievement than a series of S-R linkages. Besides гот as 
spatial concepts, mammals also learn complex temporal concepts suc ү 
single alternation (for example, left, right, left, right... ) and oe 
and difference. They can learn to solve problems by imitating other 4 
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mals and by using tools, and they can even learn to cooperate with each 
Other to achieve a goal. Finally, chimpanzees, the most intelligent nonhu- 
man primates, can acquire a surprising number of elementary components 
n Symbolic processing found in human language. It is extraordinarily 

ifficult to establish the conceptual capacities of any species, and no one 
DOW can make any definitive statements regarding capacity limits, but we 
Cn demonstrate some of the cognitive capacities of different species. This 
Chapter Surveys some of these. 


LEARNING SETS 


Object-Quality Set 


One choice-learning device that psychologists have developed is the 
pris sin-General Test Apparatus. This apparatus, which has been used 
ieee With primates, generally consists ofa horizontal tray in aei. 

tood wells that can be covered by stimulus objects. Before each tria 


od ject. A aque screen 
15 plac d i А -оггесі objec t. An opaqu 
асеа in 2 Wi nder the corre 4 " 
Prey, the well u i with fö 1. When tl 


S5 the monkey from seeing which well is ba 

S i ey [rom s ү ! 

bu 15 raised, the monkey can displace one of the objects m pe uP = 

fe Ul the correct object is chosen. In a typical problem, the he ee 

Organi are used on each trial, and one of them is higar н 

Osition can learn to choose the correct object iy ni iride Lees 
Wire 30 Without great difficulty, although on the irst d ) 

Ha en 40 trials to exceed a criterion of 90 imei i — mem 
disci Classic study, Harry Harlow showed that aftet in ar " 
learn; "nation-learning problems, monkeys became far maie p 9 ба 

-ned how to learn. After approx 
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learning set to develop over the course of a number of problems, but this is 
not so. As long as there are at least three or four trials per problem, 
development of a learning set depends more on the number of problems 
than on the number of trials per problem.? 


Positional Set 


Other types of learning sets have been developed in primates beyond the 
object-quality set just discussed. Harlow also developed a position-learning 
set—that is, a set to choose either the left or right position consistently, 
irrespective of the object that appears in that position. He also showed ier 
a position-learning set could be acquired in conjunction with a prem 
acquired object-quality learning set. To demonstrate this Harlow t00 
monkeys that had previously developed an object-quality learning set € 
presented them with positional discrimination-learning problems ап 
object-quality discrimination-learning problems in alternating blocks. The 
speed of acquiring the object-quality discriminations was very rapid at me 
beginning and showed only a very small decline followed by recovery gs 
animals developed position-learning sets for the positional problems. bio 
speed of acquiring this positional discrimination began at a low level but 
ultimately approached the speed at which the object-quality discrimination 
were acquired. Harlow thus showed that an animal can learn and use more 


. "i ^ т t 
than one learning set depending on which is appropriate for the curren 
problem.? 


Other Learning Sets 


Harlow and others have also demonstrated the capacity of monkeys A 
acquire reversal learning sets. Throughout a series of trials the choice 9 ^ 
particular object was consistently rewarded, but the reward was interm! ё 
tently switched to the other alternative, so that choice of that object М2 
required in order to receive reward. Over such successive discriminati? 
reversal problems, monkeys became faster and faster in reversing tpe 
discrimination as soon as they received one error. The object-quality lear” 
ing set and the discrimination reversal learning set can be acquired an 
maintained at the same time.4 

Closely related to the reversal learning set is the response-shift learning pon 
In response-shift learning a monkey is rewarded on the first trial no pi 
which object he chooses, but to receive a reward on the second trial th 


3 е 
?M. Levine, B. Levinson, and Н. F. Harlow, “Trials per Problem as a Variable 8) a 
Acquisition of Discrimination Learning Set.” Journal of Comparative and Physiological Psycho! 027 
1959 (52), 396-98. R. C. Miles, "Discrimination Learning Sets,” in A. M. Schrier, Н. F. F 
and F. Stollnitz (eds.), Behavior of Nonhuman Primates, Vol. 1. New York: Academic Press; 
?Harlow, “The Formation of Learning Sets." 
‘Ibid. 
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monkey must choose the other object. On each succeeding trial the monkey 
must choose the object it did not choose on the preceding trial. Monkeys 
Can acquire a set to solve this type of problem. In problems with three or 
More alternatives, monkeys can develop an oddity learning set—that is, if all 
the objects but one are identical or equivalent (share some set of proper- 
ttes), the monkey can develop a set to pick the dissimilar object. The animal 
san also develop a sameness learning set, a set to choose one of the identical 
95јесіѕ rather than the odd object. 


Theory: Error Factors 


Harlow developed a theory of error factors that in one form or another 
en Seen the predominant approach to understanding the development of 
Minis. sets.’ His theory is that the development of a learning set ingolves 
PPression of an organism's response biases. For example, an organism 
might come into a learning situation with a bias to choose a particular 
ae Say the left position. (If the bias that the organism pring ш 
rather 4 given position, it might be to base its decision on a post € 
refer than an object-quality cue.) Either of these еа е 
S ili to as a position preference. In the case where posmo bie 
posi, factor, development of a position-learning set wou strengthen 2 
Ба. PER bias weaken an object-quality bias (or a bias to choose a 
iud position if that position is the wrong one). In an v men] 
ence > "tion, of course, the animal must overcome any pos p 
and learn to base its choice on form or color cues. | 
pora aii error factor identified by Harlow is a tendency to per 
ay E from trial to trial. If a monkey made the left о ee - ias 
relevant to pick the right position on the next Se zegar eon А 
in ns cue. Such a response-shift bias might exist if the mon У! 2 р ; 
Xplore the environment. This bias may facilitate the development o 
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tually ase monkeys seem capable of maintaining two ws ^w ace Е 
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adaptive biases (error factors). Of course, a demonstration that mon- 
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keys can maintain four or five learning Sets at once would more conclu- 
sively rule out this theory as the sole explanation of learning set develop- 
ment. It is difficult to state precisely what organisms have learned when 
they have acquired a learning set, but it seems reasonable to assume that 
they have not just suppressed error tendencies but have actually acquired 


some concepts or "hypotheses" about the regularities that underlie the 
learning situation. 


Phylogenic Comparison and Genetic Differences 


Learning sets have been investigated most extensively in primates, but 
they have also been demonstrated in other mammals, including rats, cats, 
raccoons, and dolphins. Demonstrations of learning set phenomena in 
species below mammals, however, have not been terribly impressive. The 
formation of learning sets has been demonstrated in birds, and to a lesser 
extent in amphibians and fish, but there have been many many failures in 
working with such species. Species with more highly developed cerebral 
cortices tend to show more rapid development of learning sets, and abla- 
tions of the cerebral cortex diminish the capacity to form learning sets 


(more seriously than they diminish the capacity to master individual prob- 
lems). 


k that has been done has yielded mostly negative 


: ssful demonstration by Mackintosh and 
Mackintosh of the development of a limited degree of reversal learning set 


» was particularly surprising because fish apparently do 
not show progressive Improvement in successive reversals (reversal learn- 


ing set). This is another demonstration of the impossibility of arranging 
species in a simple linear order of increasing intelligence, because some 
species that are considered lower in an overall phylogenetic scale of intel- 


lectual development are superior to "higher" organisms in particular re- 
spects. 
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COMPLEX CHOICE LEARNING 


Concurrent Discrimination Learning 


One typical difference between human verbal learning experiments and 
Mens animal learning experiments involves the number of associations the 
Subjects are required to learn. Typical paired associate learning designs use 
eight to 12 pairs of items. The use of mnemonic instruction techniques 
enables human subjects to master hundreds of word pairs in an hour or so. 

y contrast, conditioning and discrimination-learning experiments with 
animals typically require the learning of a single association (though the or- 
а may develop more than one association in solving the problem). For 
tS Ple, in two-choice discrimination-learning experiments, алдат 
dor. ШО learn what to choose but also what not to Bine (tw о associa- 

- Nevertheless there have not been many learning experiments that 


av ; A а i E 
* studied the capacity of animals to master large numbers of indepen 


ent акене. s 
associations simultaneously. 


Пе exception is a concurrent-discrimination-learning experiment by 
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made in isolation. For instance, if an incorrect or irrelevant attribute-value 
of an object in one choice is similar to a correct attribute-value in another 
choice, there may be some interference in learning. However, concurrent- 
discrimination learning is similar to simple-discrimination learning in that 
the chimps have to attend to only one or two attributes in making each 
choice. 

In contrast, Nissen presented chimps with 16 binary discrimination- 
learning problems in which the stimulus objects differed on five dimen- 
sions, with two values on each dimension: size (large, small), color (white, 
black), form (square, triangle), margin (absent, present), and peg (absent, 
present). To make a correct choice in each of the 16 problems, the chimp 
had to attend to all five stimulus dimensions. This experiment assesses the 
capacity to process several attributes simultaneously and is obviously à 
much harder task than simple concurrent-discrimination learning. It is not 
surprising that the task was enormously difficult for the chimps. 

There were a total of 17,740 trials in 401 sessions of 25-100 trials each. 
Training was accomplished in stages. At first two attributes were relevant to 
each solution, then three dimensions, then four, and finally all five. Each 
time a new cue was added, the correct values of the previous cues remained 
the same. Notice that adding a new cue dimension doubles the number of 
possible combinations of relevant attribute values. In fact, adding a new cue 
interfered with previous learning—that is, the addition of a cue was gener 
ally accompanied by a decrease in accuracy in responding to the previous 
cues. Nevertheless, one chimp out of three mastered all 16 problems.” 


Mastery of such a complex set of discrimination problems undoubtedly 
requires mediation via the chunking mechanism. 


PATTERN CONCEPTS 


Toahuman being, a square and a diamond are distinct forms that can be 
easily discriminated. By contrast, Boycott and Young showed that 0С 
topuses have great difficulty in discriminating such shapes. Moreover: 
Sutherland has shown that in some instances octopuses do not discriminate 
a form from its mirror image (versus righuleft) at all. Similar investigation? 
with rats, dogs, monkeys, and children have demonstrated that mirror" 
image discriminations are difficult but obtainable. An interesting finding T 
this research is that up/down mirror-image reversals are discriminate 


"H: W: Nissen, "Analysis of a Complex Conditional Reaction in Chic... ournal of 
Comparative and Physiological Psychology, 1951 (44), OUS. castion in Chimpanzee." J! 
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More easily than right/left reversals.!? A discrimination-learning paradigm 
lows us to investigate pattern-discrimination abilities in nonverbal animals 
and thus determine the innate and learned capacities of each species, to 
represent different patterns. Species with no ability to chunk presumably 
€pend upon innate pattern analyzers for combinations of different fea- 
ures in order to master discrimination-learning problems, whereas higher 
Organisms can chunk features to form a single new concept representative. 
Such Organisms therefore should be able to discriminate any two distinct 
Patterns of features. Т 
ee Particular interest is the ability to determine ieiuna prem 
fam ated patterns match or mismatch, and to respond accor ү, igher 
еш mals, particularly primates, possess or can learn this т. ning н 
dud ae demonstrated by their abilities to acquire ее тү; » s 
choosiį dity learning sets. A typical variation of the matc кеу се 
earlier È Ss object from an array that matches a eiua ме or mis 
Procedu., 11 а different spatial position. In a тос116 fth target and 
pres ure, a delay is interpolated between presentation OF the target : 
€ntation of the array, so as to study an organism's memory capacities. 
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forcement (K) is considered by a cognitive psychologist to be the stimulus 
outcome (55) of making response R in situation S,, we shall use the 5% 
terminology whenever the outcome ($5) is not an obvious primary rein 

forcer such as food, water, or pain. Furthermore, it should be noted that 
the R in an S,R-S, expectancy is not an actual motor response, but the pam 
node for one. For many purposes R may be like a relation between the two 
stimulus situations—for example 5, (is to the right of) S,. E 

According to the early S-R psychologists, the rat learned specific 
stimulus-response associations when it mastered a maze that involved ә 
quiring a chain of S-R pairs in which each response yielded the stimulus E 
the next response. The final response in the chain resulted in reinforce 
ment, which strengthened the S-R associations leading up to reinforce- 
ment. 

Attempts to discriminate experimentally between these theories 4 
duced results that were in accord with the cognitive approach. The S- 
theories can only be modified to account for these findings by introducing 
substantial complexity. Several of the most important phenomena support- 


А Р d E : in the 
ing the theory that rats acquire spatial cognitive maps are outlined in 
following sections. 


Place Versus Response 


Suppose a rat learns to turn to the right in a simple T maze to obtain ani 
how can we tell whether the rat is learning to make a right-turning ga 
Sponse or whether it is developing a concept of where the food is located" 
One method for disting : 
the starting alley (the stem of the T) 180° to the other side of the crossbar. 
(See Figures 7-1 and 7- 
crossbar, a left turn rather t 


. r Д іп 
Two simple designs for the comparison of place versus response learn! 5 
employ this method. In a transfer design 


rat turns left, it demo 
place. 


The second alternative is to flip the starting alley before each trial during 
learning. In one condition th 


€ end of the crossbar in which the food : 
placed is also switched on each trial, so that a righthand turn is alnar 
required. (See Figure 7-2.) In the other condition the food remains in 0? 
end of the crossbar so that the rat must learn to approach the same place 
but the required turning response alternates between trials, (See Figu”? 
7-1.) The dependent variable here is speed of learning. | 
Although more experiments to compare place versus response learning 
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Figur 
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Fooq бе k А Place-learning experiment with the starting alley flipped 180° from trial to trial. 
at a constant place in the room. 
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when there are rich intramaze and extramaze cues, place learning is do- 
minant, but when such cues are eliminated, only response learning is possi- 
ble. (Even such so-called "response" learning could be considered a special 
kind of place learning, where place is defined relative to the stem of the T 
or to the rat's bodily position as it moves down the stem to the choice point.) 
In any event, when rats have the opportunity to respond on the basis of 
either place or response cues, place is dominant, confirming the expecta- 
tions of the cognitive psychologist. However, what is most important 1$ 
not whether place or response is dominant in any particular species, but 
whether the species has the capacity to form cognitive maps for the spatial 


locations of things in the world. The place versus response experiments 
demonstrated that rats have this capacity. 


Spatial Orientation and Detours 


A further demonstration that rats learn cognitive maps that incorporate 
relationships between stimuli in the environment was provided in an exper- 
iment by Tolman, Ritchie, and Kalish. In this experiment rats first ran the 
maze (Figure 7-3) to obtain the reward in the goal box. Following this 


Goal 


Start 


Figure 7-3. The Tolman, Ritchie, and Kalish initial learning layout. 


HF. Restle, “Discrimination of Cues in Mazes: A Resoluti р i -Response 
Question." Psychological Review, 1957 (64), 217-98. канк арнала, 
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18 Start 


Figu 
"m 74. The Tolman, Ritchie, and Kalish transfer test layout. 
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ing, the original path to the goal box was blocked and the rats were 
‘Sed with a чай of paths radiating from the starting table (Figure 

` The rats tended to select a path that pointed in the general direction 
iie Boal box (path 3, 4, 5, 6, or 7) rather than one that started near the 


ihe Path (a path such as 8, 9, 10, or 11). Such an experiment succeeds 


Boal W еп there are distinctive extramaze cues to mark the location of the 
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тне intelligent species generally learn detour pro 
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Latent Learning and Exploration 


Latent learning experiments provide further support for the theory e 
animals such as the rat can learn spatial cognitive maps. of the severa 
experimental designs that have been classified as latent learning designs, 

all consider only two here. 

uns latent бо А design employed by Blodgett and by Tolman ini 
Honzig, one group of animals (the latent learning group) is run ina jen 
for a number of trials without reward, while a second group is run wi 

reward. The introduction of reward to the first group promptly reduces 
the number of errors made in running the maze. In fact after reward is 
introduced, the latent learning group almost immediately catches up to A 
continuously rewarded group. The rats seem to be learning the path =a 
ing out of the maze even in the absence of an extrinsic reward. н ^W 
design has some defects. For instance, the rats were removed from. е 
maze when they got to the end, and this itself may have been rewarding: 
the rats may have learned a sequence of responses that led to escape iei 
the maze. This explanation seems particularly plausible in that there ee : 
reduction in the number of "errors" made (blind alleys entered) before th 

reward was introduced. . А 

А second paradigm, introduced by Lashley, involved an initial period 0 
free exploration of a complex maze. Followin 
introduced at some place in the maze. Learn 
facilitated by the previous period of free explo 
group without such prior exploration. 
selectively perform and learn turning 
the reward was later placed prior to 
dence suggests that the basis for the p 
activity was the learning of a cognitiv 


g exploration, a reward em 
ing to reach the reward "E 
ration compared to a pier 
14 If we assume that the rats did not 
responses leading to the place where 
introduction of the reward, the ev! 
ositive transfer from the exploratory 
e map of the maze. 


Drive Discrimination 


A rat can be trained tot 


5 " 3 a ter 
urn one direction in a T maze to obtain wa : 
when it is thirsty and to tur 


n in the other direction to obtain food when it x 
hungry. Drive—that is, hunger or thirst —provides a discriminative cue ree 
indicates the correct turning response. Consider a situation in which ы 
group of rats is exposed to the T maze when they are neither hungry n? 
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thirsty. Over the course of a number of trials each rat is forced to turn in 
rch direction an equal number of times to become acquainted with the 
9cation of the food and water. In subsequent trials when they are actually 

ungry or thirsty, these rats make fewer turning errors than a control 
oe that was not previously exposed to the maze.!® Since in the original 
н sony the same set of cues was associated equally often with each re- 

?nse, there should be no bias to turn in one direction. Even if such a bias 
ра however, it cannot explain the positive transfer to both hunger and 
clude Mat aos Because such positive transfer is obtained, we must cine 
Шан rie the rats are learning cognitive maps—SR-K associations—rather 

~ associations. 

Se ated design involves latent learning in which the айа Е nai od 
instar satiated but rather experiences a strong but Hutelated e ^ 
ts ulta" animals that are hungry and are learning to turn right in a на 
tally. E food can be exposed to water in the left arm of the S e len- 
the бена experiments find positive transfer p years iiis voro 
conditions 15 thirsty, but many others pn арпа ie pu 

a та аы learning that is unrelate it na р 5 

O pay attention to the necessary cues. 


Learning w; 

"ing Without Responding 
er Tik 
€T experiments by Gleitman and by MacNamara, Long, and Wike 
€monstrated that rats can learn what leads to what in a T maze even 
they make no running or turning responses themselves. Such re- 


Carried Were unnecessary—indeed, not possible—because the rats were 
T exti through the maze in little baskets or cable cars. Subsequent transfer 
Unction trials showed that the rats learned the location of the goal. 


ats passiv ri h the maze to both related (food) and 
ee diit. np en PE: learning on subsequent free 
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Tes H trials as hungry animals that were expose 
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А А fag БЕ 
demonstration that the motor response itself can be irrelevant to what 
learned when an organism masters a maze. 


Extinction Without Responding (Latent Extinction) 


Finally, a maze running response to obtain a reward in a goal box a 
partially extinguished by passive exposure to the goal box when it does 
contain food.!5 This is to say, the maze-running behavior can be ome 
guished by the absence of reinforcement even if the animal does not os 
any active responses. This is entirely reasonable if what the animal E 
learned in the first place is a cognitive map one component of which is n 
association between a particular location and the presence of some еа 
Subsequent exposure to that place without the reward weakens this associa 
tion and produces a decrement in performance. 


TEMPORAL CONCEPTS 


Inhibition of Delay 


Inhibition of delay in classical conditioning, ssed 
earlier, illustrates one kind of temporal concep 
The phrase refers to a progressive increase 
tween CS onset and the CR 
number of conditioning trials 
occurs just before the US. Incr 


delay between CS onset and th 
learning). 


a phenomenon we discu 2 
t present іп some M) uec : 
across trials in the delay i. 
in delayed or trace conditioning. Ает it 
organisms appear to delay the CR so that it 
easing the CS-US interval results in a IE 
€CR (as wellasa slowing down of the rate 


As was mentioned in Chapter 4, a similar capacity to learn time d 
has been demonstrated in the free response paradigm. Recall that ioe 
fixed-interval schedule an organism is reinforced for its first response 2 als 
a fixed time from the previous reinforcement, and that birds and ice 
demonstrate acquisition of a concept of the time interval by showing ? 


increase in the rate of responding near the end of the interval. 


Alternation 


n on rce- 

It has been repeatedly demonstrated that fixed alternation of yene go 

ment and nonreinforcement for performance of some response in g0 "ree 
tasks produces corresponding alternation in the speed or magnitude о 


18]. P. Seward and N, Levy, "Sign Learnin 
Psychology, 1949 (39), 660-68. J. Deese, 
of the Choice Response." Journal of Ci 
H. Moltz, "Latent Extinction and t 
Experimental Psychology, 1955 (49), 3 


ental 


à a ex perim 
B as a Factor in Extinction. Journal of Expe ance 


"Extinction of a Discrimination Without Perton б . 
omparative and Physiological Psychology, 1951 (44), 959^ 
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response. Birds and mammals learn to perform the conditioned response 
More rapidly on trials where they expect reward than on alternate trials in 
Which there is no reward. We have some idea of the lower phylogenetic 
limits of the capacity to form temporal alternation concepts, because Mack- 
intosh demonstrated that goldfish do not show such response alternation 
with alternating reward schedules. Similarly, birds and mammals demon- 
Strate faster extinction following regular alternation than following irregu- 
lar 50 percent conditioning schedules, but fish show no difference in ex- 
tinction in the two cases.!? 

_ Sirds and mammals also demonstrate an ability to master single alterna- 
Чоп in choice tasks—tasks in which they must choose first the left alternative 
on Опе trial and then the right alternative on the next trial, continuing on a 

eft-right (single alternation) schedule to receive rewards.2° The phylo- 
8enetic dividing line between species that are able and those that are not 


sae а master single-alternation tasks also falls somewhere between fish 
irds, 


Double Alternation 
A si 
alt 
со 


Ngle-alternation schedule is of the form LR LR LR, etc., a double 
‘mation of the form LLRR LLRR LLRR, etc. Double alternation is 
ong d rably more difficult to master than single Шеш үр эы 
iut that only a very small number of rats were capa eo a ering a 
re , Calternation maze-running task." А substantial amount of time is 
a to run one trial in a maze, and considerable time elapses between 
a lef, formance of a right or left turn on one trial and the performance of 
ight turn on a subsequent trial, so it may be the rat's capacity to 
nation *r a sequence of turns rather than its capacity Bip wee 
ever. OPCEPpt that limits performance. Schlosberg and Katz 4 ч 
‘Pushing task: the rat was required to push the left lever twice, then 


the 3 
a à : і nses than in 
the port lever twice, and so on, with less time parer m 

is task. 


ең 
Unter demonstration. Rats were able to master t 
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Counting and Number Sense 


Correct performance in double alternation appears to require a e cm 
to count to two. The question that arises is, What is the counting сарае ds 
different species? The most extensive and best-controlled e odia Ar 
question was by Koehler and his coworkers on the numerical capabi A xe 
birds. In one experiment birds learned to peck one of two choice cards = 
had the same number of black spots as а previously presented sample Ms 
By varying the pattern configuration, size, and shape of the Каа 
possibility that the birds were responding on the basis of these o 
characteristics was excluded. à 

Birds can learn to discriminate numbers when stimuli are prain e 
either simultaneously or successively. Koehler and his associates showed tha 
birds could be trained to eat a specific number of grains (one, two, пен 
four, or five) out of a much larger number that were simultaneously ES 
fered when some type of punishment was delivered for eating more me 
that number. Birds could also learn to eat a specific number of grains T 
a larger number when the grains were presented successively rather t = 
simultaneously, even when the interval between grains varied between OF 
and 60 seconds. ей 

In another experiments birds were presented with a long row of ees 
boxes. Some boxes were €mpty, some contained one or more baits. “ne 
birds were successfully trained to raise the lids on the boxes one aua qe 
until a specific number of baits had been obtained. Notice that since am 
number of baits inside the boxes varied, the number of baits to be obtine” 
was independent of the number of boxes that had to be opened. Pate 
more, birds could learn up to four counting problems simultaneous y 
Specifically they could learn to secure two baits if the lids were black, thr 


| e 
baits if the lids were green, four if the lids were red, and five if they мег 
white. 


Besides performing 
birds, Koehler has also 


distributed across the fi 
first box, two in the sec ird, , 
the fifth. On one trial the ;; i E 

first three boxes and i i 

cording that one too fe 


а : d to 
xes and immediately returne! 


acram 
pleted the task after an interruP 
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tion, it also appeared to demonstrate that it remembered the exact distribu- 
Чоп of baits in the boxes it had opened on that trial.?? 

Thompson, Mayers, Robertson, and Patterson have found single 
neurons in the cat's association cortex that encode number concepts. Out of 
500 neurons studied, they found five that responded selectively to the 
Second, fifth, sixth (two neurons), or seventh stimulus in a series. The 
auditory or visual character of the stimuli was not important, nor was the 
rate of presenting the stimuli over a range of from one to five seconds 
between stimuli,” 


INFERENCE 


In an abstract logical system, the term inference refers to the combining 
of two or more expressions (generally propositions) to derive a new expres- 
~on (proposition). Perhaps the most important example of such inference 
c Provided by the chain rule—if 4 implies В and В implies C, then 4 implies 
A 1а human semantic memory, thinking (which we shall discuss in Chapter 
к ) involves both the retrieval of previously stored information (proposi- 
913) and the inferential combination of such propositions to produce new 
TOP ositions, Human associative memory is constructed in such a way that 
ws Number of propositions that we can derive from a Cen Feder! 
died combination of propositions is much greater e decim e 
insi wi Stored propositions. A variety of studies in аит ни » 
liye t tool-using, and the like have investigated this in E в cap n p. 
T organisms. The present section will discuss some of the p 


lant j Cams 
Vestigations of this kind. 


Trial. 
'al-and-Error Problem Solving 


; 1 horndike's classic 
dg ten Darwin's The Origin of Species (1859) and Thorn 


ud Intelligence (1911), there was an interval that Aa dea 
id Е i nce, when 
all En. to as the romantic period in the study of animal inte/ige 


On th ts of exotic mental powers were attributed to lower pd 

* basis of personal anecdotes and uncontrolled observ ations i w 

ex Ban's amous parsimony canon, which states that an action tha xo 

tep, ed in terms of a lower mental faculty, should not be interpre «i E 

ёре or higher mental faculty, and Thorndike's carefully controlle 
T 


Mental : he romantic period. 
W al studies put an end to the r n Р 
hen Thorndike ince the behavior of cats and dogs in escaping from 


Or 
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problem or puzzle boxes (in which a latch could be opened by je de 
string or lever), he observed no sudden insight on the part of the on s 
solving these problems, but rather a gradual improvement in рег о inh 
stemming from trial-and-error behavior that accidentally resulte d Pd 
formance of the latch-opening response. Once the animal had perfo irse 
that response, the latency of performing the act decreased with progre ra 
strengthening of the association between the response and the escap d 
though the responses were sometimes rather exotic, elementary pon ndn 
tal conditioning theory was sufficient to explain the behavior. о х, 
theoretical concepts were required, and Thorndike effectively said so. 


Insight 


these problems, no 

In explaining su 
Gestalt and etholo 
ception of relatio 
sightful problem 
capable of formin 


3E. L. Thorndike, “Animal Intelligence: An Ex 
cesses in Animals." Psychological Review M 


28W. Kohler, Mentality of Apes. London 


«ative Pro" 
perimental Study of the Associative 
onograph Supplement, 1898 (2), 1-109. 

: Methuen, 1927, 
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the more complex stick problem, in which two sticks must be acquired from 
outside the cage and then joined together to reach food, performance was 
definitely facilitated by stepping the chimps through a graded sequence of 
Problems that involved an increasing number of subtasks of the overall 
task. Finally, Kóhler observed that chimps have an innate tendency to 
manipulate sticks—licking, chewing, splitting, banging, poking, hammer- 
ing, and thrusting them. Performing these acts later provides the ape with 
the necessary experience to use the stick in the problem-solving situation, 
though Some degree of generalization is exhibited whenever the stick is 
used in a somewhat different setting from that in which it was originally 
manipulated, 

himps can also undoubtedly solve problems by inferential combination 
or Separately learned “facts,” habits, or associations. Köhler’s stick-using 
insight Problems were less than ideal for investigation of the inferring 
Process, since prior experience was uncontrolled. Schiller’s design 
~teaching several component habits in isolation, then having them be 
combined to solve a more complex problem—was better controlled.*? 


Tool Using 


For a while it was popular to describe humans as the tool-using or tool- 
paking animal. As a result studies of tool using or tool making among 
Ower organisms assumed some importance. Of course Kóhler's studies that 
too] strate the use of sticks by chimps to solve problems are p 
stick 2118, and the joining together of two short sticks fo v е ч 
Капыш an example of tool making. Tool using 15 oi aan у fies been 
Collect. lower than man, but a number of fascinating examp y h cie 
o ae While living with a group of chimps in kde. nd са 

г nba them poking sticks into ant nests or termite holes to raw “oe 

;. mites to eat. The chimps select their sticks or grasses very caretul/y tor 


è H 

бе| Purpose, rejecting ones that are too short in favor of more adequate 
Сү Chimps are also reported to use sticks to poke bees’ nests to obtain 

ring them with rocks.” 


tus spine or twig and pokes it 
As the insect leaves the crack, 
These finches have been 


drops th seizes the insect. 
ps the tool and liable and to carry the 


reject twigs that are too short or too p 


С. Bi й i j ightful Problem Solving." Journal 
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» rimates.” Psychological Review, 1952 (59), 177-91. пучан 
all, "Tool-Using Performances as Indicators of Behavioral A aptability. 
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same tool in their beaks as they investigate a succession of trees. The most 
fantastic anecdote concerning such birds is the report that on one occasion 
a finch attempted to use a forked stick that would not enter the crack. En 
a couple of futile attempts, the bird “saw what was wrong,” turned the алон 
around, broke off the fork, and resumed working. Unfortunately, charm 
ing though the report is, single occurrences count for very little in science. 
Another animal that uses a tool is the sea otter. When it is feeding on 
mussels, it dives to the bottom of the sea to obtain a large stone, comes 2 
the surface, places the stone on its chest, and breaks a mussel shell : 
banging it repeatedly against the stone. Even insects sometimes use tools, à 


in the case of the solitary digger wasp that holds a small pebble in its 
mandibles, using it as a hammer to pound dirt into its nest. 


What can we conclude about the cognitive capacities of animals that и 
tools іп various ways? Unfortunately not very much. The instances of pi 
use in insects and possibly birds may be almost completely innate, no dif- 
ferent in kind from innately determined courtship, nest building, or EP. 
behavior. In some cases, imprinting or some other form of prepared lear s 
ing might be involved. It is possible that young sea otters and chimps - p 
tool-using behavior by imitating their parents. Even when tool-using " 
havior such as the stick manipulation of chimps is not innately specified, ^ 
probably depends very heavily on innately specified tendencies. In 710% 
instances it would appear that no inference process need be assumed. 


Inferential Problem Solving 


š " я P А fa 
The most satisfactory studies of inference or reasoning consisted О бә 
: А J : в, ага 
series of experiments performed by Maier on how rats combine pid 
1 4 CH : А Б, T 
experiences or habits. One of Maier's simplest demonstrations of reasoning, 


; Seir | à а 
involved the combination of two experiences. First, a rat had a period ài 
-— 
evated Y maze each of whose three arms ter S 
е 
or start) table. Second, the rat was fed on on 


reasoning, though thei 
from this that reasoni 


?*N. R. F. Maier, “Reasonin 
No. 29. N. R. F. Maier, “The 
Rats.” Journal of Comparative 
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memory possess at least this chaining capacity for the inferential combina- 
ча separately learned associations. Nevertheless, greater experimental 
Support for the hypothesis in a variety of species would be desirable. 


IMITATION 


Herbert and Harsh allowed cats to observe another cat obtaining a food 
Анаа by a simple manipulation such as pulling a string or pressing a lever 
Sveral times, The observing cats subsequently solved the same problems 
e quickly than control cats that had not had the epportunity K xa by 
m tation, Vicki, a young chimpanzee adopted by the Hayeses anc raised in 
€r home, would imitate an enormous variety of actions performed by 
ег human parents: pounding a stake with a hammer, applying makeup to 
er face, sharpening pencils, using a screw driver to pry off the lid of an 


on paint can, etc. Vicki could imitate immediately orat some delay after 
ec any species are said to learn w hat 
arents. Young chicks learn to 
i ortunity to observe another 
= Performing these responses. Other examples of imitation include the 
tion in some species of birds, 


dialect in a young bird. 


isting: 
‘ions must be made.3° 


ва | i 
™INg Versus Performance (Imprinting Versus Contagion) 


ate in it is i i i seen learning and perfor- 
manc, 28аіп it is important to distinguish betw g p 


се, When . ks in alarm and flies off and the others 
quickly fallen: LI е 4 ent behavior that falls rightfully into the 
*go » we may be observing mance, not an example of 


Шш ^d 1 t "E n + 
learn Y of imitation, but it is imitation of perfort 


А a à the 
associ 18 by imitation. The birds already know how a jade : 
Sith ation between the actions of the first bird and the УЕ TP ; 

er Mnate or previously learned The action of the first bird is a releasing 


h triggers a response that happens to be nearly identical to 


i i / i ol- 
"NG in ү, © Stimulus. This same sort of thing presumably i eria 
5^ or to their tendency to eat when they observe another g 
EL 
M, 
Pocioj Herbert and C. M. Harsh, "Observational L 
Су 1e 1944 (37), 81-85. К. J. Hayes and C. Hayes. eee (45), 450-59. W. H. Thorpe, 
ing al of Comparative and Physiological Psychology, 195 Ma ES Press, 1963. 
Ord Instinct in Animals. Cambridge. Mass.: Harvard Univers ^ 
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е T vedi 
tain food at a certain place. Such contagious imitation is eie: Se 
cer Su | | у 
of substantial survival value, but it is not an example of learning y E 
E: B . + H . a 
tion and will not be discussed further in this section. It is impor vie: 
| ~i л ^ 
determine which changes in performance result from actual learning 4 
which are contagious imitation. 


Social-Emotional Facilitation 


If the observing animal performs better in learning some new е wor 
control animal with no opportunity to observe another animal E po > 
task, it is possible that the reasons are social or emotional or bot 1.1 е 
the animal may either be calmed down or aroused, either of which ud 
beneficial to learning the task. A control group that is ex posed to an at 


Ч s the 
in the situation but that does not perform the relevant action assesse 
amount of social-emotional facilitation. 


Perceptual Learning (Copying) 


Another potentially confoundin 
tion is perceptual learning, 
serving the stimulus situatio 
situation but there is no lea 


g factor in the study of learning by won 
where performance is improved by simply hat 
n or the stimulus consequences of action ina 
rning of the actions themselves. To test fo! 


occur in the way huma 


(copying). In neither cas 
much attention to the 


opportunity to observe beak 
on later "imitation" 


ose 
perceptual chunks for speech or song, th 
subsequent producti 
tual analyzers will 
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Ee rir ay capacity by observation of another individual per- 
lex "des e Lower species appear to be genetically prepared to 
€ а havior by imitation but unable to learn other behavior by that 
Proves usef if as in other forms of learning the concept of preparedness 
abilities of » or purposes of phylogenetic comparisons. For example, the 
eat and pel к. bids and mammals to learn by imitation which foods to 
imitation T Sal are very likely specially prepared instances of learning by 
observed t i he same probably holds true of many aversions. It has been 
adults nont young primates show little fear of snakes or other stimuli that 
tions duum to with extreme fear. It is presumed that under normal condi- 
Species "d primates acquire these fears by observing adults of the same 

xhibiting the fear reactions to these stimuli. Although chimpan- 
ubtedly possess more general 
d birds, the learning of such 


y imitation is probably especially prepared in all species, includ- 


"man beings. 
барна he highly prepared form of imit 
Pendent of m of imitation in which observa 
action by tk the consequences of the action, ге 
ighly he observer, Such single-contingency le 
Prepared; otherwise it would be dysfunctional. 


Zees 
and 2 А 
many other primate species undo 


Capaciti 

iti im 

avers; €s to imitate than lower mammals an 
:OCTSIOns b 


Ing h 
ation would be a single-con- 
tion of the action itself, inde- 
sulted in learning of the 
arning must invariably be 


the possible confounding 
by observation. However, 
ted and are worth consider- 


Severa] 
ing. 


Principles of imitation have been sugges 
ies a wide variety of the types of 
jon. Such types include concep- 

learning), attentional learning 
vironment to orient oneself), 


ir 
learning across the range of imitation stud 
tual A appear to be produced by imitat 
What Mas learning (cognitive map 
Ensor Pay attention to or where in the en ‹ 
һе "e Motor-skill learning (where the components themselves are in the 
learning a repertory but the sequence is new), and finally, social-emotional 
ор (including fears, dominance, and social conformity). 


Ci . : 
Опа, imitation is more successful when the demonstrator is from the 
ism. (Chimps like Vicki have frequently 


the imo imitating human beings. 50 this is not a rigid rule.) Variations in 
епсу to imitate different models within the same species probably 

a 
Th 
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These successful attempts differed from their unsuccessful predecessors 
not only in their choice of medium but also in their selection of a non- 
phonemic language. In a phonemic language like English, words are com- 
posed of phonemes, articulatory subunits that correspond roughly to the 
individual letters, that have no meaning in themselves. The gestures em- 
ployed by the Gardners and the chips employed by Premack cannot be 
broken down into analogous physical subunits. It is not clear whether 
chimpanzees can learn phonemic languages, but it undoubtedly facilitates 
the learning of small vocabularies to use a word-based rather than a 
phoneme-based language. Washoe, the Gardners’ chimp, has the largest 
vocabulary of any chimp, about 160 words. This is a fairly small vocabulary, 
and it is probably simplest in such cases to learn a unitary symbol that 
corresponds to each word. Only when vocabulary reaches into the 
thousands or tens of thousands does it become more practical to learn 2 


relatively small set of phonemes (perhaps thirty to fifty) that words can be 
constructed from. 


Training Procedures 


sively longer sentences. 
Learnable Concepts 


We shall now discuss t 
The most difficult as 
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ofa chimp is not so much the process of assigning some symbol to a concept 
as it is the process of learning new concepts of various degrees of abstrac- 
Hon. As a consequence largely of the work of Premack and the Gardners, 


We now know that chimpanzees can master an astounding variety of con- 
cepts, 


Names, Naturally chimps can learn noun concepts—their own names, 

he names of other chimps, the names of various people, the names of 

" TON Chimps can also learn the names of verbs, ("give," "wash," "cut, 

Eur “tickle”); the names of locations; even the names of states of emo- 
п sorry," “funny”). 


Negati Shi Ё ion as applied to verbs 
Pone e Chimps can learn the concepts of negation a E edes 
he sert," “not wash") and relational nouns (“not same as"). ( 
«^! able to find much discussion of negation as applied to nouns, as in 


Aor " ^ i at had 
à grape” or “not an apple," but presumably a chimpanzee that ha 


m 
astered negation as well as these noun concepts would also understand 


S i . 
meaning of negation as applied to those concepts. 
m e-different, As might be predicted from their ability to pom 
dig ing and oddity tasks, chimps can master the concepts of same an 
erent im lie 200 
Fent in linguistic tasks. 
„Questions, 


Wy 


i - tions. 
h Chimps can also learn the meaning of wh-questi 
о questions 


2 А —“?”—а5 а part 
are cued by giving a special question € rs by re lacin 
Sentence. for instance, “X2X,” which the chimp answers Dy replacing 


: Question symbol with the symbol for same, or XY,” which Ven: 
Ye ae replacing ? with the symbol for different. Sarah can als 
s x X?" by choosing the symbol 


» 9 1 n “ "d 

foy « luestions of the form “Is X the same as neni. TCI 
отер and "Is X y?" by choosing the “по Sy . 
itch diffe eS ae s-no questions that involve the 
Чеге, more difficulty in answering ye Ын т ннер 
Y», "Ce relation, such as “Is X different from Jis E esee 

г : 
in: а to be seen whether а сһітр сап а 

“е on all four sets of yes-no questions. 


” fruits and 
Chimpanzees can learn object classes such as fruits 


ad and cookies). 


Topert; е type do not have any 
; е ; bove type 

Sin Sie "es Members of an object class a ae of othe classes, termed 
Pro ert Vlous quality in common, but mem ier on and chimps can learn 
these y Classes, do have such attributes 1n СО 


“Asses as well. For example they can learn color m 
Chim, 9T brown and shape concepts such as circle, triangle, от н oe 
Sc А to new o 
Mage can Successfully generalize property concepts jj 


es 2 ae 
Observed during training. 
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Dimensions. Not only can chimps learn the names of specific attributes 
(values along some dimension, for instance green or square), they can also 
learn the names of the dimensions themselves, such as color and shape. 
Such competence can be demonstrated by giving a chimp such as Sarah a 
question of the form "Green is?" and noting that she will choose the word 
for color. She is presented with a negative question such as "Red is not?, 
she will choose the symbol standing for shape. A yes-no question to test the 
same competency might be the sentence "Is brown the color of chocolate?, 
to which the chimp should answer “yes,” or “Is brown the color of a 
grape?," to which the chimp should answer “no.” Once again it would be 
interesting to test the competence of chimps in answering yes-no questions 
involving negation, such as "Is not brown the color of apple?,” to which the 
chimp should answer “yes,’ 
chimp should answer “no.” However to my know 


| ; er 
ased experience there will be grea d 
ns of incompetence transcend sida 
8 procedures employed by the inv 


Singular versus plural. 
singular and plural forms 
plural). Sarah demonstrat 


spass Pull. 
degree of mastery of quantifiers ( id 
he demonstrates by correctly райы е 
ds such as “Sarah insert one cracker (i 


2a d ge : er (in) dish,” “Sarah insert one candy Gn) 
dish,” “Sarah insert all candy (in) dish,” etc. She demonstrates understanc 


: Р sid i 3 
ing of these quantifiers by answering wh-questions of the form “> crackers Í 
square?” where none, one, several, or all of the crackers before her т! 
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be square. Once again, Sarah successfully generalized the quantifier con- 
cept from original training in which she was asked questions regarding 
Shapes to new test questions regarding color of objects. 
^" Prepositions. Sarah has learned prepositions such as “in,” “on,” “under,” 
to the side of,” and the like. Like the same-different construction, these 
Prepositions have two arguments; unlike same-different constructions, 
: owever, prepositional relationships are asymmetrical—that is, the X and Y 
1 "X different from Y” can be interchanged without changing the mean- 
ing, Whereas interchanging X and Y in "X under Y" does change the 
i Sarah attends to the order of the arguments in sentences ене 
Mie RONG; and given a command like "Put red on p s с т 
indian, y place a red card on a greed card. Thus, not only does sara 
Stand prepositional terms, she can also use order as a syntactic cue in 
n derstanding sentences. 


5 на and concepts. Sarah also understands the concept “name i Sois 
aske nows that certain symbols are the names of certain dee еп 
With Sr Bive a description of an object such as a grape, pee wi fees 
Squa green rather than with brown, and with round rather than wi 
ге. She will give the same analysis of the symbol that stands for the 
the « Pt grape. However if Sarah is asked to give a property n ы 
Pro пег grape," she will respond according to the color an a 
erties of the plastic symbol used as the name of the object. Such ability 


Stinguish between the symbol and its referent demonstrates a degree 
cted in animals below 


наа, Competence that was heretofore unsuspe 
an beings, 
Ima... | 
is th cation. Perhaps the most difficult concept that Sarah ech 
d i T : Peery) Я es, “ arvana 
"ed th €ntential relation “implies. Consider the sentenc y 


e apple implies Mary give Sarah 
k longer to learn this conditional 
st other concepts. She did 
sfully generalized the 


choco з Sarah take green" or "Sarah tak 
relati Ж €." Premack reports that Sarah too 
агу it tween propositions than to learn mo 
Conc," !'?Wever, and once she learned it she succes 


t 
to new contexts. 


hra; 
s 
es and Propositions 


She = Gardners report that once Washoe had learned a few single words, 
e à 7 : 
thre Бап Spontaneously to produce multiword utterances [уйго ог 
Phrag Words) without further training. Thus, Washoe produce such 
бчк е8 а5 “give me tickle,” “open food drink” (meaning "open the re- 

shy a ) "go in," "go out," "go sweet" (to be carried a ie cae 
o ч 2 г garden), "listen 
Pen flower" (to be let through a gate to a flower g ) 
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dog" (at the sound of an unseen dog barking), “listen eat" (at the sound of 
an alarm clock signalling meal time), and “water bird” (the name of a duck). 
Apparently chimps, like human beings, naturally combine words into 
phrases standing for previously unnamed objects and into propositions 
involving nouns in conjunction with relational terms. Premack explicitly 
taught such combinations to Sarah, and we have already seen the surpris- 
ingly long sentences that she could understand. Many of the individual 
concepts that Sarah mastered—dimensional names, the copula (“is,” “are”), 
singular and plural quantifiers, "name of," "implies," prepositions, and 
verbs—have complete meaning only as a part of a larger phrase or propos! 
tion. With respect to syntactic competence, we have already discussed how 
Sarah used order as an important syntactic cue to distinguish the asymmet- 
rical arguments of verbs and prepositional terms. 

In addition, Sarah may have a certain degree of hierarchical phrase 
structure capability. As an example of what this means, consider the follow- 
ing sentence to which Sarah responds appropriately: “Sarah, insert apple 
pail banana dish.” This sentence means that Sarah is to insert the apple into 
the pail and the banana into the dish. The hierarchical phrase structure can 
be indicated by parentheses, which show that the words go together to form 
phrases as follows: {Sarah [insert (apple pail) (banana dish)]]. As the 
bracketing indicates, apple and pail go together to form a phrase, and 
banana and dish to together to form another phrase. At a higher level, ys 
applies to both apple pail and to banana dish, and at the highest level, it 5 
Sarah who is to carry out both of these insertion actions. This embedding ° 
words into lower-order phrases, of lower-order phrases into higher-order 
phrases, and of higher-order phrases into an entire proposition or sentence 
is what is meant by hierarchical phrase structure. , 

Sarah appears to understand such sentences, at least in the sense of bein8 
able to perform the instructions communicated by the sentence, 50 it e: 
reasonable to conclude that she has some capacity for handling hierarchic2 
phrase structure. If Sarah lacked the capacity to deal with such hierarchic 
phrase Structure, it might be predicted that she would only carry out the 
first action—inserting the apple into the pail—and not carry out the secon? 
action at all, since the subject and verb were not repeated in immediate 
contiguity with the second phrase (“banana dish"). Another error an es 
ganism without hierarchical phrase structure capacity might make woul 
be to follow Strict contiguity and insert the banana into the pail as often as 
the apple is inserted into the pail. Finally, an organism lacking hierarchic? 
phrase structure Capacity might refuse to respond to the sentence at all, it 
was too complex to understand. Since Sarah is able to respond tO suc 
go eie ite some phrase structuring capacity. p sen- 

: ow Sarah manages to understand suc hat 
SE dtd be premature and very kel wrong то оп Ù 
Phrase structure capacity was qualitatively sim! 
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ira ae beings: Moreover, from Sarah's capacity to handle hierar- 
ОША D st eee for compound objects, we cannot conclude that she 
ence нборат ot dd hierarchical phrase structures, for example the sen- 
The lin я" iisen the banana (which is) on the dish into the pail.” 
ridicule x istic competence of chimpanzees is a fascinating area. If the 
BP ape E ийне! politician does not stop this line of research, we 
às аена h profound insight concerning the nature of human thinking 
А тепки y the basic ways in which human thinking is similar to and 
om that of our nearest living relative. 


SUMMARY 


Le 


at speed the solution of 
d problems. Many lower 
lack this learning-to- 


ты vertebrates acquire learning sets th 
Veteran that are similar to previously solve 
leur — ian most invertebrates appear to 
pacity. 
I ips can master at least 20 two-choice object discrimination prob- 
Chi. with trials on all problems mixed together. 
— can learn a complex conditional discriminatio 
nuon to five simultaneous stimulus dimensions. 
eher mammals possess the concepts of the sameness versus differ- 
ог two objects. 


Rats (; T е 
ats (and presumably other mammals) can learn cognitive maps with 
ationships between locations. The R 


heral motor response, but an 
like the relation between the 


n requiring at- 


te p expectancies for spatial relations 
abstra the an expectancy is not a регір 
two m he node for a response, much 
High ulus situations S, and 5. | | 
Sher organisms demonstrate some kinds of tim 
er ability to learn delays between events, 
| ingly. 
Чівћет animals learn temporal order concepts such as single alterna- 
n(LRLR... ) and even double alternation (LLRR ...). 


e or thereabouts (temporal number con- 
he basis of the number 


the pattern, size, and 


e duration concepts 
and time responses 


Ence, b 
tion of 
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Imitation has many different meanings: 

(1) contagious imitation, where the response of one organism pro- 
vides an innate releasing stimulus for the same response in another 
organism; (2) perceptual learning (copying), where the sensory prod- 
uct, such as speech or song, of the demonstrator's actions is learned by 
the observer as a model for its own responses, but the actions that 
produced the product need not be observed; and finally both (3) 
prepared imitation and (4) general imitation, where the opportunity 
for observation of the demonstrator's actions is critical. The tendency 
to imitate can be increased in frequency, at least in higher primates. 
Chimps have been taught to cooperate in solving a problem. 
Chimps can understand simple Spoken and sign language and сап 
produce a word-based sign language, but they lack the vocal capacity 
to speak to any satisfactory degree. 

Chimps can learn many concepts including: object (noun) concepts 
action (verb) concepts, locations, emotions, negation, same-different, 
yes-no and wh-questions, object categories (fruits, bread stuffs), ртор” 
erties (green, brown, circle, triangle), dimensions (color, shape) 
copula (“is”), conjunction (and), singular versus plural, quantifiers 
(all, one, none, several), prepositions (in, on, under), the distinction 
between a concept and its name, and implication (if... then . -+ ). 
Сһітрѕ Spontaneously combine words into novel phrases, and with 


training they can understand some moderately complex phrase struc 
tures. 


8 Verbal Short-Term 
Memory 


OBJECTIVES 
i memory, including persistence of vis- 


T i 1 . . 
29 discuss visual-sensory (iconic) rsis 
and nonassociative character 


ton and afterimages, focusing on the locus 
" s Such memory storage. | od 
9 present the evidence for preattentional auditory-sensory (ec "€: 
memory and to discuss whether it is a nonassociative activity trace 
analogous to iconic memory or mediated by the same kind of trace that 

" Underlies phonetic short-term memory for attended material. 
` 19 discuss somewhat longer-lasting graphic (visual) memory for verbal 

Material, 


To discuss the phonetic short-term memory, which plays a large role in 


Our "nl ч er : f 
т ability to dial a telephone number just spoken to us 


There is 


“mory be 


Pro А 
г. РеТЧе$ 


à subtle but important distinction in the Hed ^ ү 
tween coding and dynamics. Coding refers s is ee 
atio of memory traces, including question os e t is гае) 
events and concepts in the nervous p Ме ea 
of memory (verbal, spatial, and the like), and levels o 8 


i i i ;els in verbal memory). 
Ity (such as phonetic versus semantic leve а y 

quantitative properties of acquis- 
ally their variation with time. 
and retrieval and how 


i dalities 
By, Modal 
a2 Contr 
€ st ast, memory dynamics concerns the 
b папу Ber and retrieval, and especially | 
Е а Concerns rates of learning, forgetting, 
Sa i itions. 
To ерепа upon various conditior | _ 7 
Memon Substantial extent we can discuss the coding proper ties of нит 
Versa Ty, and cognition independently of their dynamic properties an = 
dynam; his is not to say that there is no interaction between coding an 
ino Clearly there are interactions between the qualitative and quan- 
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titative properties of any process. However, distinctions between qualitative 
and quantitative aspects have proved useful in other sciences, and it ap- 
pears to be possible to discuss coding and dynamics independently. Е 

The scientific study of any complex subject such as learning and cogni- 
tion would be impossible if we were not able to divide the whole into parts 
that are at least semi-independent of one another. Furthermore, it would 
be impossible to communicate information about such a complex subject 
matter without analyzing it into parts and teaching one part at a time. 
Chapters 8-11 are primarily concerned with coding in human learning and 
memory, while Chapters 12-15 are concerned with memory dynamics. 

When someone says, "I have a good memory for faces but not for 
names," the implicit assumption is that there is some psychologically $18- 
nificant reason for distinguishing these two types of memory such that a 
person might be good at one and bad at the other. Psychologists classify 
memory traces in a variety of ways. The distinctions that have proved ofthe 
greatest psychological importance are those between different modalities 
(such as verbal versus visual-spatial memory) and those between different 
levels of a modality (such as phonetic versus semantic levels of the verbal 
modality). 

Levels of encoding in verbal memory are discussed in Chapters 8, 9, and 
10, and Chapter 11 discusses nonverbal memory for sensory-motor skills 
and images. Chapter 8 treats the lowest (most peripheral) levels О 
memory for verbal material: (1) iconic very short-term memory for visual sen- 
sory features, (2) echoic very short-term memory for auditory sensory features: 
(3) graphic short-term memory for letters or words and similar verbal units» 
and (4) phonetic short-term memory for the sound segments of words such as 
phonemes or syllables. Chapter 9 discusses coding in long-term verba 
learning and memory. Chapter 10 treats coding of more complex propos 
tional material in long-term semantic memory. 


ICONIC MEMORY 


Afterimages 


Stare at some form fixedly (without moving your body, head, or eyes) tor 


30 seconds or so, then look away at a blank wall. If you maintain a fairly 
constant fixation, and if the illumination and reflectance conditions m 
your blank wall are appropriate, you should see an afterimage having | 
same form as the thing you stared at. Everyone experiences afterimages ° 
many occasions, though we rarely pay attention to them. Although ME 
persistence and afterimages have long been studied by percept? 
psychologists, an important study by George Sperling in 1960 was very 
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influential in producing systematic consideration of these phenomena as 
examples of sensory тетогу.! 

There are both positive and negative afterimages. If you stare at a light 
Square on a dark background, the positive afterimage would be a light 
Square on a dark background, whereas the negative afterimage саз bea 
dark square on a light background. There is a persistence of the initial 
Visual sensation (positive afterimage) for a brief period following the ter- 
mination of a stimulus, which thereafter can change to a negative (reversed 
Contrast) afterimage. Sometimes there is more than one cycle of positive 
and negative afterimages. 


Persistence of Vision 


on is often sharply distinguished from sub- 
Para negative or positive afterimages. The physiological = 
tio; Initial persistence of vision are presumed to be a рше » v 
n п ОР the neurons originally activated by the stimulus at some leve > E 
tenir System. Subsequent negative afterimages are pu as 
whet of fatigue of the elements previously activate E hec 
e зав Subsequent positive afterimages have a different physio! gi = 
n anism than the ori ginal persistence of vision. It seems parner o ne 
ume that both persistence of vision and positive after images Б p 
iced by a continuation of activation of neurons activated by the original 


Stim ме" in tl 
u : н : и ‚ a depression in the 
act; lus, while negative afterimages are produced by a dep 

tivation 


"PRI ks А - 
he initial persistence of visi 


of these neurons. 
: апу mem : dv visual sensory memor and per- 
ste b E tudy visua y н 

Sist ory psychologists who study vire soil exe ШШ 


nce of visi fer ese as afterim ‘ à iin 

чег Shred я Go to these, but keep in mind that it " 

s ешей question whether iconic memory differs er iim impe e 

of icc Ogists mean by the term positive afterimag®: Furt ve me esi 

ati nic memory have typically concentrated on POP f the forms is 
On independent of whether the phenomenal contrast of the fo 


d 9n light or light on dark. Thus, most experimental doce ue 

Negative ave not rigorously excluded фе possibi abes iconic 

em с afterimages, Under the conditions of аду. хр и үе ond 
Ory May consist of an unknown mixture of persistenc 


ei 


differs in one potentially 


i Es ; 3 А 
"про tudy of iconic memory after Spermi tudies of afterimages: In 


rta І | 
Nt respect from previous erceptual 5 
р 


1 


SS ЖИ - 
p Een af Visual Presentations." Psychological 
Мон ing, "The Information Available in Brief Visual Presentations sychologi 


* 1960 (74), Whole No. 498, 1-29. 
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studies of iconic memory the original visual stimulus is presented л w 
short period, whereas in studies of afterimages it is fixated for wis Н иј 
onds or tens of seconds. А long fixation produces a strong nega mii 
terimage, whereas the brief fixation characteristic of iconic ped T oh 
iments is presumed to produce primarily persistence of the origin du 
tive image with little or no negative afterimage. If this is true, e ze 
of iconic memory are concerned strictly with persistence of vision wi 


i i з duce 
contribution from the fatigue or adaptational mechanisms that pro 
negative afterimages. 


The Capacity of Iconic Memory 


The information storage capacity of iconic memory for the brief pe 
following termination of the visual stimulus is substantial. For vank in 
Averbach and Sperling presented an array of 18 letters as a ar 
Figure 8-1 for 50 milliseconds at a very high level of intensity and pma 
with the background. Either immediately upon termination of the stir 2 
array or at delays of 0.1, 0.2, 0.3, 0.5, 1, 2, or 5 seconds following the т 18 
they cued the subjects to report which letter occurred in one of t apes 
possible positions. (Subjects were cued using combinations GEI S nen 
not to disrupt the icon, but it is also possible under some conditions 1) 
visual cues, such as little arrows pointing to the position to be recalled. 


K 
N 
T 


gvo 
DUN 


B 
w 
с 


< 0 ~ 


b 
X 
D 


Figure 8-1. A letter array of the type used by Averbach and Sperling. 


If the probability of correctl 
number of letters in the array 
of letters available in iconic m 
tion of the array. The results o 
for two conditions: w 
array were light and 
the number of letter 


А пе 
y recalling the cued letter is multiplied by че 
(18), one obtains an estimate of the etd 
emory at various delays following pres 8- 
f the experiment are illustrated in Figur ulus 
here the fields preceding and following the el 
where they were dark. Figure 8-2 also demons all as 
s that are available when subjects attempt to s vat 
many letters as possible from the array using the method of whole ? 
rather than the partial report procedure developed by Sperling. 14 to 
The results are striking. Immediately following presentation, from the 
17 of the 18 letters appear to be available in iconic storage. ig yó 
partial report procedure demonstrates that visual iconic memory pr 
precipitously, especially with light pre- and post-exposure fields, W a 
presumably create more interference with the icon than do dark pn 
post-exposure fields. Using light pre- and post-fields, within half a s€€ 
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18 
4 100 
16 [1 partial report 
ө dark pre- & post-fields 

14 © light pre- & post-fields 
E 75 
E 12 
= 
& 10 в 
E С 
S = 50 9 
6 8 о 
& 6 E 
x a 

4 whole report baseline 25 

2 

0 

0 
" 1 2 3 4 5 
Figure 8. Delay of Cue (sec.) 
ort baseline under conditions of light 


Ver. ?. D | 
SUS dar есау of iconic memory to the whole-rep 


Pre and post fields (from Averbach and Sperling by permission). 


fi Coni | 
e 5, Map has decayed to an asymptotic level of approximately 4.5 
of ol report S precisely the number of items that can be reported using the 
арргеһе procedure characteristic of earlier visual memory span (span 
Nsion) studies. Visual memory span. 25 assessed by the whole 


ү pro i a k 
„Рог, cedure, is not very much affected by à delay in instruction to 
bject begins scanning 


kon ^ ^ Der : 
89 Nic memo €ason for this is presumed to be that a subje 
Me |o ry immediately and that this scanning transfers the memory to 
rtial report procedure 


a n у: 
ы lon iar Tg form. If by means of the pa 
be e n inii es to a particular item in the array 510) ‹ 
tant Hoy ned (read out of iconic memory) with a high degree of accu- 
ч ever there appears to be a limit of around four or five items that 
d retained in the longer-lasting 
3nd this limit appears to be the same regardless of the rate of 
ached under the 


Y of icon; sa 

tions re memory, since the same limit was appro 

“Oni either light or dark pre- and post-fields.” 
idly decaying memor 


1с 
ет : > 
Огу is defined as the гар! 


shortly after exposure, 


y component in 


n Vision," in C. Cherry 
London: Butterworth, 


E 
feq Ауе 
19), Ing Pach and Gs | 
9er formation Т) G. Sperling, “Short-Term Storage of 
P. 196.911 teory, Papers from Symposium on Informa: 


Information i 
tion Theory. 
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: г F 12 
excess of the visual memory span (amounting to "degna de pat 
items in the Averbach and Sperling experiment). The ашап ee 
iconic memory can be anywhere from a few milliseconds (for e rail 
low intensity and low contrast from the ground, short FURIA ipie. 
and light pre- and post-fields) to several seconds (for charac Eni l 
at high intensity and high contrast, long durations, and dark | 

-fields). E 
ur E iconic component of memory for the visual array ied үң 
and subjects can report only four or five items, there is gener e en is 
further loss of memory. The nature of this slowly decaying boa, рде 
the subject of some dispute. Some consider it verbal short-ter ш n sem 
others consider it a more persistent form of visual memory. In Jj some 
subjects appear to establish this more slowly decaying component Y the 
sort of scanning of the visual array prior to complete Черен еге 
icon. The scanning is far too rapid to be verbal rehearsal, but whet vests! 
scanning process activates internal representatives in a menm died 
modality is not clear.? Of course whatever the initial character of t pera à 
ory established by visual scanning, the subject can rehearse the list v 


„кар“ 
ы в М s; ө 2 us està 
matter of a second or so after termination of the stimulus, and th 

lish a verbal memory trace, 


The Locus of Iconic Memory 


at 
Ои | ме thé 
What is the locus of iconic memory? 


long-lasting afterimages are 
simonious to assume 
physiological mecha 
The mechanism is a 


A number of findings indic d 
localized in the retina, and it would pz 
a retinal locus for iconic storage as well, since a тогу 
nism exists that could produce such iconic m the 
s: Light bleaches the pigment molecules „х the 

and cones) of the eye, and this pesa is 
he visual System. This activation in the xm pos 
€ time following termination of the шш, Оп 
and cones require time to become unbleachec : anc 

the basis of i ical knowledge concerning pigment bleaching, not 
n rods and cones, one would expect that most 
is located in the rods 
an interestin 
the vision of a person w 
used in night vision, w 
reach maximum activ 


and cones themselves. i 
" ^ ca : s 
§ verification of this expectation, by 


таг! 
hose eyes had rods but no cones. Rods же л 
hile cones аге primarly used in daylight. Sinc chan 
ation level at a much lower level of illumination cy 
cones, this individual experiences considerable difficulty seeing in or 


ying 


8G. Sperling, “A Model for Vis 


"Ibid. p. 22. B. Julesz, Foundations of Cyelopean Perception. 
ess, 1971, p. 34. я 


ne 16), 19-31. 
ual Memory Tasks." Human Factors, 1963 (5). 1° chicas? 
Pr 


Chicago: University of 
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dayli 

= жч reu id haye difficulty seeing in glare. When stimuli are 

subject closes жей) daylight, they are not seen by this subject; but if the 

an icon of tbe B eyes after presentation of the stimulus, she can then see 

Seeing, by "eL pni stimulus! In fact she uses this technique in normal 

Actually %1 Б ar ound blinking 

levels of йыз is no mystery why this takes place. At moderate daylight 

tion of or pinus illumination, rods are at a maximum level for activa- 

Pigment 1} а herons. At this level there is still plenty of unbleached 
hat will be differentially bleached by presentation of a stimulus. 


ince i 
le chemic: 4 : 
eached chemic al process that converts bleached pigment back into un- 
Pigment takes time, after the eyes are closed the rods that have 
potential to activate visual 


Teceiy 
ed t " : : oe : 
Neurons he extra bleaching will maintain their 

omewhat better than the other rods, which allows the icon to 


Itera] 

Onstrare es ge from the background. What the results definitively dem- 

Since жа that the iconic storage—at least in this case—is entirely retinal, 
ч he higher levels of the 


isual stimulus was not registered by iu 


Nery 
OUS syste à 
ystem at the time it was presented. 


Ico Ni 
ic Me 
М y Is Nonassociative 


A rer; 
etna s 9 " 5 z ө сү { 
al locus for iconic storage strongly suggests that the memory is 


ative, If an A is presented to two different locations, presumably 


Dassoci 
resentatives would be activated at 


two iffe 
‹ onions Р ч нн mtem ably no associations from 
‘haracter Е urthermore, there are presuma ly йб a ss - lor 
“Јасер рові representative in one position to chat acter representatives in 
sitions. Somehow we know which locations are adjacent to each 
atives within the loc i 


the 


ations E the character represent ations have no associ- 
e ne to another, 

direc pothesis that iconic memory is nonassociative has been tested 
"ед i Under conditions fostering iconic memory, subjects were pre- 
M “ith two rows of alternating letters and digits (Figure 8-3). Recall of 
ue a r was cued in two ways. Both conditions involved presenting a 
cl абыр у їп one location with the subject instructed. to recall the 

ab Cter © its immediate right. In опе condition the cue was the correct 
ight р for the location it was in. (hor examples m Figure 8-3 the cue 
атау © 73 in the second position from the left in the first row for the 
the In the other condition a dummy character (either the letter A or 
th lon, F ) was presented, which subjects knew had her been i any 

€ secon Ог example, in Figure 8-3 8 might be presented as the number in 
-ond position of the first row for the array. If all the cue character 
$ ynic memory, and if there 


rom icc 
entatives in adjacent positions, 


aracte 


Ре Is 
аг Урт: 
ел Bnal the location to be reported f 


9 assoc; 
SSOc Ч ы 
ciations between character repres 
> "Locus of Short-Term Visual Storage.” Science, 1975 (190), 1318-19. 
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R 7 § 1 K 2 


i i nassocia- 
Figure 8-3. An alternating letter and digit array for testing the associative versus nol 
tive nature of iconic memory. 


- recall 
then there is no reason a correct cue character should produce Fede 9 
than a dummy character, and this is exactly what was found. No : Thé 
tions were formed between the adjacent characters in iconic “er ү bens 
memory is nonassociative, the pattern for an item being impressed ир 
memory location. " 
The eue experiment studied visual memory at delays ied 
from 200 milliseconds, where most of the memory was iconic, to 2 se ws 
where iconic memory was essentially gone. The same equivalence cedi 
two cuing conditions was obtained at all delays. This suggests that, eee 
under these conditions, even the more stable component of visual e sah 
does not involve associations between character representatives, w pese 
somewhat more compatible with the assumption that the persisting сна 
огу component is visual rather than verbal. However, it would be rn v 
ture, and probably erroneous, to generalize from this result ue 
hypothesis that many levels of longer-lasting visual image memory 


"aes but 
nh. i ve, 
nonassociative. Some levels of image memory may be nonassociati 

the highest levels are likely to be associative, 


Are Negative Afterimages Nonassociative Memory? 


ts 
В : 5 геѕш 
The negative afterimage that one sees under many circumstances 

from difi 


ag the 
: : à n 
ferential adaptation or fatigue of the elements enan ugue 
stimulus at some level of the visual modality. In their adapted or fis conr 
state, th € to visual input, and therefore t 


P x : : mentary 
plementary sensation of a figure of Opposite contrast (or complim likely 
color) is obtained. Such differential perceptual adaptation is also TA of 
a nonassociative memory, in the same way that persistence of activa 


elements is nonassociative. 


Pipers ter of me 
However, the nonassociative charac 
ory for negative afterimag 


es has not been demonstrated. 


Activational and Adaptational Memory 


eriod 
Throughout the nervous system elements may remain active for a P 
followi 


f cene 
P ч 5 к -siste! 
ng the cessation of input from associated elements. This persi 


| «soci 
°W. A. Wickelgren and P. T. Whitman, “Visual Very-Short-Term Memory Is Non? 
tive." Journal of Experimental 


Psychology, 1970 (84), 277-8]. 
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Of activar; 5 

‘ilies ace & Fired of nonassociative memory, even though it exists 

tory (fatigned iti connection system. If an element is somewhat refrac- 

to input for a s "e apted)—that is, it does not respond so easily or actively 

аа елы 03 time after it is activated—this is also а kind of nonas- 
Ory system. 


ECHOIC MEMORY 


Li 
I e Der: people, I typically pay little attention to people's names unless 
are simply 1 have to know the name later. Other characteristics of people 
People E important and more interesung than the arbitrary names 
someone I re So it happens fairly often that when I am introduced to 
een ealize a split second after hearing the name that I should have 
Tealize this at the time it was spoken. If I 
; Soon enough I can sometimes "hear" the name in my mind 

were being spoken again. This may be a persistence of 
(echoic memory) analogous to persistence of vision (iconic mem- 


(We sh 


audition to refer to persistence of 


a А i ; 
ll use Ulric Neisser's term, echoic memory, 
lent to what Robert 


Tow er and we shall consider echoic memory equiva 
AYpothe „and John Morton call precategorical acoustic storage.” The basic 
k Sis is that there is an auditory or perhaps а phonetic analogue of 


isual : 
к ual iconic m E d b dit timul 
emai emory, such that the nodes activated DY an auditory stimulus 


ain acti | 

r A vared for some time after the stimulus is over.) 
"Xisten ce Sic types of experiments have been employe t 
"ter ОЁ echoic memory and to measure its duration: probe, modality, 


eren 
ce m . 
‚ and repetition studies. 


Probe 


different locations in auditory 
ditory space nearly so 
but we can still ade- 
) They showed that immediate 
lar location was substantially 
entire "array." Darwin, 


locations in au 


quate ~ Сап discriminate locations 1n visual space, 


Y discrim; : 
a adh ce four different locations. 
ore of the sequence at any particu 


Tu CCurat, 

n S € than attempted whole recall of the | 

“ith i md Crowder Deos that this superiority of probe recall declined 
il at a probe delay of somewhere 


Creasi 
Casing delay of the probe, unt 


T | 
1969 Чег and. ‚ Cognitive Psychology. Englewood & 
» 365.5, оноп, "Precategorical Acoustic Stora} 


liffs: prentice-Hall, 1967, pp. 199-218. R. С. 
ge (PAS)." Perception and Psychophysics, 
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racy level as 
between two and four seconds probe recall was at the same accut acy lev 
whole recall.* 


Modality 


In immediate memory span, where subjects recall a list of about oer 
items (such as letters or digits) Corballis, Murdock, and others gop ed 
peatedly demonstrated that the last two or three items in a list are be 
remembered when the list was presented 
items in the earlier positions in the list are s 
and sometimes remembered better, w 
only consistently observed ady 
terminal list positions. This ha 
contribution from echoic me 
from iconic memory for v 
lasts for one or two subseq 
half a second to 
tation).? 


auditorially than visually. The 
ometimes remembered as yt 
ith visual presentation, so that а 
antage of auditory presentation 1s at Si 
s been interpreted to indicate a significan 
mory for auditory presentation (and = " 
isual presentation under these ваай онаа 
uent interfering items (typically anywhere E 
à couple of seconds, depending on the rate of pres 


Interference 

"m | auditory 
The ability to recognize and subsequently remember an апаны 
stimulus increases according to the amount of time the subject has to at 


; m „е = js on 
to the stimulus, up to some limit. This is true when the stimulus i 
during the entire study time, but it is 


only a very short time at the 
time during which the stimul 
milliseconds, varied the bl 


also true when the stimulus is n 
beginning, and the increasing study um 9 
us is off. Massaro presented a tone diim 
ank time following it, then presented an Inter in- 
ing (masking) tone. Subsequent ability to recognize the original (опе Ў 
creased with increasing blank time up to about 200 or 300 mie 
During this poststimulus interval, Massaro contends, there must have ? to 
an echoic memory trace being processed in order for тешогу а 
improve.!? (Маѕѕаго used а nonverbal stimulus, but there is no reaso! for 
present to believe that either echoic or iconic memory are different 
verbal and nonverbal material.) 

Crowder and his colleagues have done a 


ments 
using a similar interference technique to stu 


¿perir 
large number of experi™ a 


dy verbal echoic memory: 
"N. Moray, A. Bate: 


Acoustical Society of « 
"An Auditory Ana 


y s rief ғ 
Partial Report Procedure: Evidence for Brie 
sychology, 1972 (3). 255-67. 


у и а ow Pre" 
А эм. C. Corballis, in Immediate Recall of Visually and Aural тогу 
sented Items, » 1966 (20), 43-51. B. B. Murdock, Jr- `/ 

Acta Psychologica, 1967 (27), 316- 


» > e logy 1 
mages." Journal of Experimental Psychoto£ 


970 
'"D. W. Massaro, "Perceptual Auditory Ir 
(85), 411-17. i 


Verbal Short-Term Memory 215 


Constant retention i 
ory for нў interval, memory for a list of items is compared to mem- 
Suffix item. The качу length that is followed after a variable delay by a 
€ reported: Phe ix item is known to the subject in advance and is not to 
Preattentional à "» К is considered an interference with the supposedly 
tent with this ; есһоїс components of memory for prior list items. Consis- 
that is n теба раа. it is primarily memory of the last item or two 
tion, the rites by the suffix. In further agreement with this interpreta- 
ete.) of the a the physical acoustic similarity (in modality, location, pitch, 
While the на х to the last few list items, the greater the interfering effect, 
Or two dem запіс similarity has little or no effect. Memory for the last item 
different : — with suffix delay, out to anywhere from 9 to 6.4 seconds in 
xperiments.!! i | 


Repetition 

Treisr d 

and куюы Diem two separate messages simultaneously to the right 
Ne messa ichotic listening) with instructions to shadow (repeat back) 

Placed jn ES and ignore the other. The message were identical, but dis- 

Ng in йе. Бы with either the attended or the nonattended message lead- 
Tum lag of Г есер гей the identity of the two messages at a max- 

Maximum la i »out four seconds when the attended message led, but at a 

the Which Бо only about 1.5 seconds when the nonattended message 
Sse conditio as a duration of 1.5 seconds for echoic memory under 


las 
Some 
ewhat simi п 
hat similar single-channel exp 


ste, 1 
lo a the abil; п 
"Best ility to detect repeating segments of random 
as slightly less than one second. 


se 

ae A sa that could be recognized ма 
’ excluded ү of higher conceptual levels of memory was posses 

209 Ote that "ir. the absence of any conceptual codes for random noise. : 

i stimates of the duration of echoic memory have varied from 
ariation is not surprising. There is 
xpect a constant duration for echoic memory any more than 

conditions that presumably 


and duration of the 


eriment, Guttman and Julesz 
(white) noise. The 


y—the intensity 


Acoustic Storage.” R. G. Crowder and V. P. 
ed Speec "Journal of Verbal Learning and 
;. M. Holloway "Absence of a Cross-Modal 
ошта! of Experimental Psychology, 1970 (22). 


tegorical 
ест with Reve 


167 Effect” in gp (9). 342- 
ч mal, ewe Short-Term Memory.” Quart “їз ЖА, 
Onn 9f Exper ‘rowder and Н. A. Prussin, “E> periments with the Stimulus Suffix Effect.” 
ONsolie i Psychology Monographs, 1971 (91). 169-90. D. A. Routh and J. T. Mayes. 
12 Sycholo, ion and the Potency of Delayed Stimulus Suffixes Quarterly Journal of Experi- 
A. M. -p, I^ 1974 (26), 472-79. | 
sma “ "Y 
" 1а of Verbal fae Monitorifig and Storage 
е Aen, man 2: arning and Verbal Behavior, 
Steal Si Pus B. Julesz, "The Lower Limi 
Y of America, 1963 (35). 610. 


ssages in Selective Attention." 


Pu 
Ei 


of Irrelevant Me: 
1964 (3), 44 -59. 


ts of Auditory Periodicity Analysis." Journal of 
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stimulus to be remembered and the intensity, 


А = saat 
duration, and physical i 
А s Я 
larity of subsequently presented stimuli—are analogous to those that 
the duration of iconic memory. 


; e 
The juxtaposition of the Guttman and Julesz experiment irs 
Treisman experiment points up the tendency among many fi with 
psychologists to identify preattentional or nonattended шейн aen 
lower-level featural or even nonverbal memory. Whether this is a г ded 
able identification is debatable. It is also debatable whether деп i ial 
echoic memory is basically anything different from a lower strength ed 
consolidated version of the same type of trace that operates in unns 
short-term memory for attended material. Finally, it is certainly not месо 
lished that echoic memory is partly or entirely a nonassociative activity Lt 
rather than an associative memory trace. The next two sections cons 


-y for 
э а А T 
somewhat longer-lasting graphic and phonetic short-term memory 
material that was attended to during initial presentation. 


GRAPHIC SHORT-TERM MEMORY 


In addition to iconic 
short-term storage of v 
verbal modality. Using 
strated a visual short- 


ter. Subjects were run 
on they had to decide ip aying 
d visual letters were physically identical bp 
to A-a, A-B, or A-b). з 

her tw 
names (saying "yes" to A A 
memory for the first letter w 
in the name-match conditio 
A-a. This w 


hether 


"0 
1.5 


Я ort 
8gests that subjects retain а $ vi 
he initial item in some visual modality for ^ docs 
itions. This graphic short-term memori. gg 

» Since the contrast and illumination isi 


» scient 
1M. I. Posner and S. W, Keele, “Deca y of Visual I " ingle Letter: Set 
1967 (158), 137-39. y tsual Information froma Sing! 
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Short- А 

рни. атаве of verbal material. Many previous studies had 

verba] b inve Pig of phonetic encoding in short-term memory for 

Such phonetic B н when the material was presented visually. To prevent 

associates used oy ng of visually presented verbal material, Kroll and his 
sed a technique similar to that previously employed by Muns- 


terberg and Mur н Days 
urray: the subject's verbal pronounciation and rehearsal 


System: 
S were k : : 
€re kept busy by the requirement to shadow (repeat back) audit- 
While they were shadow- 


ory | 
lis, Sil n at a rate of two per second. \ 
or auditorally is tey were to remember would be presented either visually 
? Seconds Piles а different voice. After a retention interval of one, ten or 
e One-seco E with shadowing, subjects attempted to recall the letter. At 
Equally goo у retention interval, recall was very accurate and almost 
Чоп, Sugge a for visual (96.5 percent) or auditory (96 percent) presenta- 
ters uu Pla little difference in initial perception, though, auditory let- 
Percent iu д gotten much faster than visual letters (40 percent versus 69 
rrect retention at the 25-second retention interval).'? This diffe- 


renti 

al 5цвсети БЇ; à : 
So; Usceptibility to the phonetic shadowing task suggests that there is 
1 letters other than the phonetic 


dea reinforced by the find- 
lid not tend to be phoneti- 


© modali 
c ч r " 
Storage "— of storage for the visua 
тр thar ty “sumed for the auditory letters (an i 
y similar usion errors for the visual letters ¢ 
i 5 ies to the correct item). 
Stters q Sumably visual or graphic charact 
aft vas more dir we zn 
€T the p, directly indicated by a recog А 
icti osner and Keele name-matching technique. 
1 i $ H 
On time faster for physically 


S A. à 
Variety 2 than for physically different, but id 
Shortte of other evidence supports the conclusion th 
" ee tion of ver 


con memory often mediates reten 
ditions.16 


er of the memory for the visual 
nition memory study modeled 
Errors were lower 


identical presentation-test pairs 


ut identical name pairs (A-a). 
hat visual or graphic 
-bal material under 


ее 
(such 3 


Зно 
RT-T 
ERM PHONETIC MEMORY 


1 learned to associate vari- 


he 

о n 

Ms you learned to understand speech, YOu 
a as /c/, /a/, /t/ to word or 


ес 
si of pho s " ds sucl 
nemes (letter sounds ) 


M "N, E. A " 

Ey Mory үү + Kroll, T. Parks 5 S. L. Bieber, and A. L. Johnson, Short-Term 

NM | ile Shadowine: pi = Myr em and of Aurally Presented Letters. Journal of 

lu en « psychology 1950 oo 950 94. H. Munsterberg. “Die Association Successiver Vor- 

АЕ ЕА 71890 (0 99-107. D. J- Murray, "The Role of Speech 
: of Psychology, 1967 (21), 263-76. 


184 Sin S} : 
Т.Е hort-Term Memory.” Canadian Journal т сы Mod 
› R. Parkinson, ersistence о isual 


MT. E p 

19у 9ту ; ‘arks, N, E. A. Кг Sa rg, and S. 

$72 (9: w Indicated edu ti y Sala Ening Tas Journal of Experimental Psychology. 
"Tern 437-98. N.E. A nil po em Short-Term Memory,” in Deutsch and Deutsch, 


M 
lemory, pp. 153-79. 


218 Verbal Short-Term Memory 


; ern nts for 
concept nodes such as cat (and to the visual images 2 үнөм 
concrete words). When you learned to speak, you deve ra aep. ar 
tions in the other direction—from words or concepts о. viter ts 
sequence of phonemes (/c/, /a/, /t/) that must be nnd rei pho- 
word. Barring serious insult to the relevant part ue ne ts addi: 
netic associations are long-term memories that last for : 1 shonetic mem- 
tion to long-term phonetic associations, there appear ia si I тас аге Hi 
огу traces that last for only а few seconds or tens of seconds. ryan sks 
short-term memory traces that mediate performance in E ro dsl it after 
and allow you to remember a telephone number long enough 
hearing it or looking it up in the telephone book. 


Chunking 


The average college student can re 
immediate memory span test. Asan e 
five, six, seven, eight or nine digits at 
at what list length you are able 
50 percent of the time. This is 


А ап 
call about seven digits in parie а 
xperiment, have а friend rcm out 
about one digit per second. ly about 
to repeat back the entire list pei ny ДОЙ 
your immediate memory span one nguage 
digits. Now find a friend who knows the names of the digits in E differen 
you do not know, and do the same experiment (preferably se, Pn three 
digit lists). Your memory span will now be much lower—perhaps sonuncia” 
or four digits, even making generous allowances for your HSE te тет” 
tions in recall, Why is there this enormous difference in pcc ie е 
огу? One plausible explanation is provided by the chun king io qe et 
a result of past experience you have formed a unitary chunk ligit 
represent the mass of phonetic infort 
name. If immediate memory 
chunks that is roughly indepen 


S oi med 
nation comprising each {аг P 
Span is limited to a constant наги еас 

dent of the amount of information и tota 
chunk, as George Miller proposed, then you will remember MS senting 
information when you have previously formed chunk nodes repre 
combinations of stimulus at 


in the 
à i > 156 
tributes.!? The chunk nodes you t 

familiar language are usuall 


language they may b 


allowing subjects to mispronounce by using clo 
tions). 


V milia 
y entire digit names, but in the se tha 
€ a mixture of phonemes and syllables (an -oxim" 
sest English арр! 
rob- 
Would you like to double your immediate memory span? You can Prion 
ably do it, if you are willing to learn 100 associations. Form an сар 
from every two-digit number to asingle word, Use already familiar or , 
tions to help you: 65 is "quit" (for retirement age), 00 is "start," 99 15 50 i5 
49 is "gold" (I think of 1849 as the start of the California gold suf, cor 
"half," 76 is "spirit," 98 is “beer” (you already have a good mnemo! 


"G. A. Miller, *The Magical Number Seven, 
Capacity for Processing 


Information." Psychologica 


, our 
— Ө? 
Plus or Minus Two: Some Lim! 
il Review, 1956 (63), 81-97. 
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re heey of starting with 98 bottles of beer on the wall), and so on. It is a 
to practic to think up 100 such mnemonics for two-digit numbers and then 
or e with them until you have the associations well learned, but if you 
ДЕ : new chunks you can almost double your memory span for digits. 
a ed not do you much good, except to show off, but it does provide a 
m er illustration of the very important chunking capacity of human 
€mory.) 7 
с trivial example is that while the memory span for random words is 
"ut five, the memory span for words in sentences 15 about triple that." 
Ths tee be explained by the hypothesis that we are familiar with many of 
Phan in sentences and have unitary chunk nodes for sepe It is 
that we 4 very important to ordinary understanding of speech an 5 riting 
Passages re able to chunk phrases into units and thereby ener сия d 
integrated our span of immediate memory. Similarly, dn abi a to speal 
ances usi longer utterances may depend on our being able to plan utter- 
he ae entre phrases as units. cm 
ana e of chunking in short-term memory has a pr n E ps n 
One ү of man-machine communications, the most amilia g tele- 
ili umbers, After you live in a place for awhile, you become pretty 
prefixe, with most of the prefix codes for your area. Even аа т им 
for n S are all digits, (342, 345, 686), many of them еши ecu i 
Or e. Accordingly, Shepard and Sheenan reasoned, it ought to be ne 
firs a to dial the last four digits of an unfamiliar нр агван 
bim then dial the familiar prefix. This way me most op. bes ces 
М inks get dialed when the memory trace for them is he -— g i s 
digit «rieval of the last (fifth) chunk takes place after dialing 2 ourth 
dialing РАТЧ and Sheenan found that there was à 20 peen 1 | шшш 
last tip T and a 50 percent reduction in dialing emo es оры 
Чао Od.'? (This research was done at the Bell Teleph : a | : 
futur UNately we are not likely to see this method adopte in the near 
1 . 
ор *cause of the great expense involved in switching equipment, but 
hey gu Y human en s на xl keep this in mind when they are designing 
Syst : gineers wi p this in 
ems for man-machine communication.) 


Our 


p 
i honetic Coding 
he; me EUM 
mm m portance of chunking in short-term memory indicates that short 


le, Memory : he word, concept, and phrase 
V Ory trac involve units at the d ; 
els y traces often involve traces at lower phonetic levels 


als, ' “!OWever ү 
: T, ver T memory 
3 арреа verbal short-term dy b Conrad demonstrated that 
ar to play a role. A classic study эуе 


А. Mark Span for Meaningful Material.” 
ican м and О. Jack, “Verbal Context and Memory эр: 
ree Ns "на! of Psychology, 1952 (65). 298-300. 
Chix т pard and M. M. Sheenan, "Immediate ps 

Ostfix.” Perceptual and Motor Skills, 1963 (21), 263-73. 


f Numbers Containing a Familiar 
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А Е о 
intrusion errors іп memory span tasks tended to be phonetically — 
the correct items. For example, if in recalling a letter sequence ae m bi 
BFS Pone substitutes another letter for B, the substitution is like. zi din 
another letter containing the /e/ sound (C, P, T, etc.). pecia ere 
makes an intrusion error for the F, it is likely to be another letter cen soe 
the /é/ sound (M,N, S, etc.).2° Similarly, memory for /e/ letters is ip mer 
with more by processing other /e/ letters than by processing ре 
phonetically less similar.?! The phonetic nature of errors in s mda df 
memory and the importance of phonetic similarity to the magni wide 
retroactive interference have been demonstrated repeatedly for ШАБ) 
variety of verbal materials including letters, numbers, nonsense ma 
and words. -— 

Most demonstrations of phonetic encoding in short-term csi onc рй 
focused on the segmental level, as in the demonstration that eei б 
errors tend to share phonemes with the correct items, but a num RUE 
demonstrations have shown that int 
segments tend to be similar 
of vocal tract, etc.) 


ata 
ion error 
‚ DA, LA, an intrusion sto 


concerning whether phonetic 
or abstract-cognitive (commo 
articulation). At present the 


У i - psycholog) 
?*R. Conrad, "Acoustic Confusions in I di * Brith rnal of PSY" 
1964 (55), 75-84. mmediate Memory.” British Jou 


bal Behavior, 1965 (4), 53-61. lis 


ү ©з and Errors in Short. T, Memory for ren 
Vowels. Journal of the Acoustical Society of America, 1965. (38), 583-88. W. A. мск of 
"Distinctive Features and Errors in Short-Term Memory for English Consonants.” Jou 

а, 1966 (39), 388-98. 


огу” 
Auditory ог Articulat ; r -Term Mem! 
Psychological Review, 1969 (76), 239.35 кшш Coding in Verbal Short 
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b . 
анаа I consisting of a small ordered set of loca- 
lót serum infor mation can be stored. When they began studying short- 
plicitly or Sa the 1950s, most psychologists appeared to assume,.ex- 
buffer Store P "xs that human short-term memory was a nonassociative 
Capacity T т many still accept this assumption, according to which the 
umans luus a about seven digits on a memory span test comes because 
one chunk (it a uffer store with seven locations, each of which can hold 
Ме "ad em) of information. 
use of à м» capacity of verbal short- r 
tions Gite ANPE memory, since a serial se 
Much data t not take an inordinate amount of tim 
associative © support the idea that verbal short-term memory 
component. 


term memory certainly permits the 
1 search of up to seven loca- 
e. However, there are 
has a strong 


1 

‘em versus order memory. ln short-term memory for a list of consonant- 
rtain conditions there isan 
; f item and order memory, 
'S exactly as one would expect with an associative memory. The task 
from a list of CV bigrams, and 
omogeneous vowel condition 
] condition (NA FO JI... )- 
gata segmental phonetic level, 
one corresponding to 


is to y 


иаи ) and a heterogeneous v 
the eee ler the associative encodin 
the cons ing of each CV item consists of two parts, one ‹ | 
association at and one to the vowel. When we;Just consider the intra-item 
цер кер | between the consonant and vowel parts and the aren eene 

items associations between the consonant and peor aloa 

рыш we obtain the structure shown In Figure 8-4. ition of back- 


x ey ж Ww " 
Makes th emote associations in no way changes the argument; it simply 


e di : 
Th diagram more complicated. | 
ining the connecting struc- 


ei 
Lures f portant fact to be gained from exam с 
ch better replicated is memory 


or 2 А 
for s Flo letters in Figure 8-4 is how mu е зе неви. 
four ass Trect order in the heterogeneous vowel condition, since ће im 

9clations connecting each adjacent CV item. By contrast, in the 


(a) 
Fig (b) 
re в. | 
ү list ( 3 Intra-item and direct forward item-to-item associations for a homogeneous vowel 


а 
Nd а heterogeneous vowel list (b). 
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homogeneous vowel condition, only one association, that between apu 
consonants, encodes the order of the items in the list. To the extent z 
item-to-item associations play a role in short-term memory for such кы 
ial, one would expect the order of consonants to be far ketter геотети 1 чч 
in the heterogeneous than in the homogeneous vowel condition, and 
deed it is.?: : gras 
In an associative memory, recall of the individual consonant iteins F1 
pective of order might well be superior in the homogeneous bet scien 
tion, since the vowel is sure to be remembered and it has strong intr a-i ^ 
associations with each of the consonants in the list. This superiority of iter 


м P »xperiment 
recall for homogeneous lists was also demonstrated in the same expe! 
in which the heterogeneous lists show. 


mation. In this case the retention ofo items 
dently of item information by scoring for correct order only those 10 +m 
that had been recalled correctly irrespective of order. (It might be ane 
passing that item-to-item associations appear to play a substantially E » 
role in short-term memory for rapidly presented lists than they c 


ә ` пае $ ata 
longer-term serial learning, where the list is repeated many times * 
generally slower rate.) 


Since item memor 


3 j - - infor- 
ed superior retention of order te aie 
rder information was tested indep 


y and order memory are generally positively id 
lated, predicting the dissociation of item and order information is a cis to 
erable tour de force for the associative memory theory. It is very difficu n 
imagine how a nonassociative memory could predict this. 


Repeated items. In an as 
associations between ite 


containing repeated ite 
sociati 


f 
"n Й -ncture О 
SOClative memory, the connecting structt 


-.r [ists 
m representativ m “м 
ithout repeated items. А metre 
etween the connecting struc g 
5 with repeated items and those without repeated items. An exam! 
e d coding of a list with a repeated item 
associa iati 


shown in Figure 8-5. 


© 
OORO 


(b) Associative Memory 


for the 


(a) Nonassociative Memory 


Figure 8-5. The connecting Structure for i i tiv 
t a list with m n associa 
nonassociative memory. A repeated ite (F) та 


e and ? 


„nal 
^W. A. Wickelgren, "Short — E - -— „гап Jour 
of Psychology, 1965 (78). POP Memory for Phonemically Similar Lists. American J 
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Ness ren comparing short-term memory for lists. with and without 
е " Mq have demonstrated a large number of differences that are 
Sich hn е with the associative memory assumption. The easiest 
ding to describe and interpret is the associative intrusion 
[ti Lists having the form... AB... AD ... show a far greater 
liie a а В intruding in the place of Dor Din the place of B than do 
е form... AB... CD... 25 Of course, serial position is an 1m- 
es eee in short-term memory for such lists, and this provides a means 
might be e^ the frequency of such intrusions far below 50 рейепе as 
tlie dis id on the basis of item-to-item associations alone. Howey id 
tenors item does appear to be an important cue in erkal ipii dus m 
Purel y, and there would appear to be no parsimonious way in which a 
Phen Y nonassociative memory could account for repeated item 
Omena such as associative intrusions. 
ieee 2 serial position cues iras use е cen pedem 
typically bs toi de simply the numbers 1, 2, Ba SF + oe 4 ug 
eak a list into groups and use concepts such as the beginning, 


Middle. - À EE 
mddle, and end group and the beginning, middle, and end position with- 
f serial position concepts 


Na рт 
Т : i 5 
Sroup—that is, they use а cross-classification о У T 
: the order 


COrre«c c 
Ме кашы, to two levels of encoding: the order of groups an 
Е nota ats i - И iativ -y why a subject should 
Tesort to 5 a all obvious with a nonassociative Ro WV den pas Би 
Bened such elaborate grouping schemes. if the serial or he =. 
Use of y encoded by stuffing adjacent items into adjacent locations. ite a 
8rouping is very functional, though, for an associative memory. If 
Most vis that the number of serial position соле рЕ куник 
еп ШШЕ (mnemonists may possess а considerably g eatet К айни, 
the positi layered usage of these position concepts is necessary : 
why, tons of the different items in the list uniquely. (It is not at all clear 
We clear number should be on the order of three, as it appears n m 
to the к: have many more number concepts, but this is not really a 
is сеш discussion.) mu —É 
chy, + “portant to distinguish a cross-classification sc -— is \ т: 
"Oups an hierarchical encoding of serial position, the c -— ication ine 
dar, -5 Primary and the classification by position within a group is secon- 
` Зе order of items within any group must be preserved by an ade- 


We assi 


r Repeated and Non Repeated Items." 
5 95. W. А. Wickelgren. “Associative 
erimental Psychology, 4-25. V Б 


Д j. 56 (72), 853-58. 
m, -A. Wi "erm Recall.” Journal of Experimenta йй, 1966 а ме sn Р 
шарру", ICkelgren, “Siz ar: and Short-Term Memory. ournal experi- 
al p. elgren, "Size of Rehearsal Group anc O mapa Grouping апа Hierarchical 
n Quarterly J ournal of Experimental 


5уг, 
p Banize ey, 1964 (68), 413-19. W. A. Wickelgren. "REN 
Wholgg, 9 of Serial Position Cues in Short-Term Memory- 


7 1967 (19), 97.109. 
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ee 
7 > relative p 
quate hierarchical memory, but this memory for the order or r 


sing 
- : 2 2 z $ "st acces 
tion within a group is not directly accessible by itself without fir 

the group. With such an hierarchical memor 


item had been in the first position withi 
group that it was in With a cross-class 


ting 
stinction, Illustrations of the basic AE in 
Structures of an hierarchical and a cross-classification memory are sho 
Figures 8-6 and 8-7. 

Many PSychologi 


т 
"es rathe 
ierarchy, it might be Vt 
he nonassociative theory 


;pulated by 
been explicitly орн dines 
r subject to rehearse in groups of differen 
Ing error results have been obs 


> itis muc 
in a di 


archical memo К 683. Note that the links from 
group nodes to the digit Todes might re d tube Dona 
information (in addition to item-to-item links). 

memory, this inform; Cerning the s 
retrievable unless tj Membership 


lation Con 
he group links are intact. 
2 bid. 
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Figu 
Soria А cross-classification memory for the grouP list 974 215 683. The group or the 
information about an item can be retrieved independently. 


Conc ` 5 s " 
€pts are at least semi-independently associated to each item in the list. 
e nonassociative theory and 


e : ч 

Provide. results simultaneously contradict th І T 

Bee € evidence that grouping should not always be considered equivalent 
eue inking: Sometimes grouping is simply à multilayered (in this case a 
: S-classification) system of serial position concepts to aid in the associa- 


tive e А A à 
encoding of a list. As we discussed in Chapter 1, chunking is the 


ormati 
at rH К 
ion of a new node to stand for a conjunction of other nodes. In some 


Cases 
roupi А й г 
Note Brouping may be accompanied by chunking, but these concepts are 


quivalent, and grouping does not always imply chunking. 


SUMMARY 


116 ' 
Coding refers to the representation of events and concepts in the 
ent luding understanding the differ- 
modalities of the mind, the different levels of a modality, and the 


tween levee ы nonassociative character of memories within or be- 


2. Them 
Ost & . . 
the audito ipheral levels of the verbal modality are the visual and 
iconic (fop У Sensory feature levels. Memory at these levels is termed 
‘sual features) and echoic (for auditory features). Iconic 
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12. 
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and echoic memor 


sal 
‚ xe T r verb 
Y are often considered undifferentiated fo 
and nonverbal me 


E S. 
and dier dh 
ight 

: Vp Vv ligh 
ithin 0.2 of a second under asad dark 

adapted conditions, but it can last for several seconds und nd pro- 

egative afterimages following intense a 

ion can last for tens of seconds. 


aes ane aii is im- 
Опаѕѕосіацуе: A pattern of stimulation 


«onal 
rea e-dimensiona 
Storage location in a two- or three-dimer 
array, and this patt 


: A # М s ceases: 
€rn persists for a ume after the stimulus cea 


Iconic memory pro 
Echoic memory refe. 
It appears to persis 
seconds under diffe 


TS to persistence of audition. 
t for anyw 


al 
3 ч evera 
here from 0.2 of a second to sever? 
rent condit 


; с 
; н > to icon! 
10NS, a time range comparable to ! 
memory 
We -y are 
The locus and associativity or nonassociativity of echoic memory ¢ 
unknown. 


Some visual 
ferent from 


sa 
of this memory be 
Y similar to the corr 


; ш 
phonetic level, b £ 
» concept, and Phra els. We ен because 
Е bute 
More phonetic attribu 
atures) when thes s p a 


: к 4miliar 
ioan attributes form famil 

У span is limited to an approxi ber 
: r Oximately constant num 
of chunks, independent of the nu l ely constant 


5 mber of attributes in each chunk. 
Phonetic short-ter 


to-item associative, and ел 
ediate memory for serial Be = MEO 
Grouping often refers to the use 
of serial position cues (be 
ning, middle, and end p 
fore a distinct concept fri 
node to stand for a com 


tant roles in imm 


het ofa c oss-classification by two levels 
ginning, middle, an nd Broups and begin- 
ositions within a Broup), Grouping is there- 
om chunking (which refers to dete: anew 
bination of old nodes), TS 
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OBJECTIVES ; 
2 бу emory for 
: те nemory: (1) т ) 
ТЕ ; ; ‘ing logical types ofn 7 -ibutes of mem- 
o distinguish the following 29 of items; (2) attribute 
items, order, and associations (pairings) -y of events, spacing between 
А ` events, frequency on (8) rote 
Огу such as recency of events, itv of presentation; ( 
events dons of an event, and modality май еч memory for gen- 
memory versus inferential memory: viis ped нра events. 
eral principles versus episodic memory RES nine phenomena that 
ERIS "ning an п ? wany TPN 
To describe ; - of basic learn р огу is associa: 
scribe a number o i icu al memory 
Support the h pothesis that long-term irte ate of very large 
5 :d access tO ) ё 
live. These жеен include rapid access A: transfer between ser- 
Capacity, limited accuracy of recency judges effects in interference, 
ial and paired associate learning, Sim er free recall, and spacing 
Whole versus part learning, organization 1 
Judgments. 1 memory phenomena that illus- 
"learning and r ) zs 
To descri ber of learning at f concept learn- 
scribe a number o А onent o 
trate chunking which may be an essential де of vertical (horizon- 
BR ан y probable importance о Vr E кые. 
ing. Chunking points up the pro k tion of horizontal as 
tal) Minen, as oli: to the older concep 
a d as 
Sociations in memory. А 
T = iati such 
To distinguish types of associations 
Implies, or coimplies associations. 


as forward, backward, remote, 
E 


LOGICAL TYPES OF MEMORY 


a number of distinctions between 

У " + ч 

lity and level distinc- 

logically different types of memory, beyond the Sap i чызып 
lions, Whether these logical distinctions col p 


Sid re see гаг eful to con- 
i єн ions i ut they are us 
chological disti Ctions mains to be seen, 
ider. 


The first section of this chapter surveys 
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s a 
iving 
Te to be performed, After leaving the house, and a ever 
half mile or 50, you realize that you have forgotten your list. No 01 
likes to 80 back, so you attempt to re 
list. 


sepan 
| ~e is item 
ated in this situation. First, ther “т оп 
remember all the different erra 


м ro 
» memory of the kae er- 
mediated by associations betwee you 
: ly, you ma he items 

; ; > У remember the r 
are Intending to purchase ermarket because of your memory bd 

А t 
к own On your list even though 
ally Irrelevant, H 


item memory 
the retrieval t 
iate recognition memory 
guaranteed that both items have been Presented, and the only task is to 
decide whether the two items have been Presented together as 4 pair. Such 
a procedure would appear to logically exclud ribution from item 
or order memory. е 4 

If a subject is asked to recognize whether an item was Presented previ- 
ously in a list and required to answer in less than on 
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ixl of the stimulus, it is likely that there is not enough time to 
Bir шр material, so that such an item recognition task might be 
tion o a pure test of item memory without contribution from associa- 

© r order memory. 
Wu ү can be studied independently of item memory by proce- 
given a rar to the one used to study association memory: subjects are 
asked x eur of items that are guaranteed to be in the same serial list and 
Ha ES whether the second item followed the first. In the case of 
Potential cone in a serial list, there would appear to be no way to exclude a 
Оту may ee from association memory, and indeed order mem- 

he “ik based in part on associations between adjacent items. + 

tween ү ility to define rigorous logical and experimental distinctions e- 
шебше te of memory does not imply that these different types are 
i y fundamentally different psychological mechanisms. In par- 


tic 
и there is no reason to assume that the information is stored in differ- 
Parts of the brain or that the properties of the memory traces that 
far there has been no convincing 
1 difference is paralleled by any 
be argued later in this chapter 
diated by the formation or 
hat is associated is some- 


ed 
S er are different in any мау. So 
™portant ion that this rather basic logica 
at all нор difference. It will 
strengthening types of memory are me 
What diff ng of associations, though of course w 
erent for item, order, and association memory. 


Attributes of Memory 
, 
2 number of psychologists, most notably Hintzman, баео E 
andy ntema, have drawn attention to the fact that a very large num ee 
ANC n different types of memory are established Mee сш о 
irse events (presentation of a set of items). Besk E. dre ering 
Occurred ег, and associations, we can judge the recency «а ae os 
irises its frequency in some context, the spacing P two а ES 
вое, the duration of an event, and attributes Те aiet to mo ^is о 
Sus small fet (visual versus auditory prede] sible е sepion F 
a аза] tters, color of print, etc.).' With the poss! e Va END of re- 
og th те are reasons to believe that all these attributes o memory are 
bythe same type of associative memory by which we remember 


any 
Other k; 
€r kind of information. 


1B 
Wicke! Underwood, "Attributes of Memory.” poychological Review, 1969 (76), 559-73. D. D. 
1973 а), 485. Be Symposium on Codin Processes in Human Memory." Memory and Cognition, 
i Re 0. D. L. Hintzman, “A B arent Frequency as а Function of Frequency and the 
Bene CU RES 1069 (80), 139-45. D. L. Hintzman, 


ions." Journal imental Psychology. 

190 (83), 43504 оп and eroe i on Memory." Journal of Experimental Psychology, 

1975 о Study-pp, : L. Hintzman, J. J. Summers, and R. A. Block, "Spacing Judgments as an 
(104), 3j 49 45e Retrieval." Journal of Experimental Psychology: Human Learning &$ Memory, 
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| itv. and other 
Memory for the frequency, Spacing, duration, modality, ae than 
Specific attributes are typically considered less relevant by the sub) 


: е investigate 
conceptual memory for €vents. When psychologists have inve 5 


; 1 

; У 4 incidenta 

b rrelevant attributes, they have frequently used in e to 
learning paradigms, That 


: И 1 айе ex posur! 

1S, the subject is not told at the time sera ari to 
mory will be tested for these attributes. It is reas these 
€r such conditi E 


^ nti t 
ons subjects pay less attention 
the m 


; AF 
: de utes. 
ore dominant conceptual (semantic) attrib t, there 
nt, 


x ac- 
memory for frequency: d 
d un n rest is based on some entirely different анна t 
t mediates c У. It is reasonable to assum re- 
aces at the time any event 15 ue 
sition that “This is the een 
Was presented about two п being 
visually, but this time it is ter, 
E € shall discuss later in this ns 
ik е жоны, Spacing between occurrences of two їс y 
€ same word) at above-chance acct two 
Ну to judge the spacing between ^, 
ance. This is Strongly consistent with jon 
; formation of an associat i 
occur between pairs of dir. н. of an item, which simply does ! 
Many recency j E 


"iA à € also 
associations w i 8 


hat 


AA хопа 
: ou] sc work О! 
Provided you looked 2: mol pepe otn time 
T the time sis : atch at abo s 
S very likely a2 erform some act unde! 
memory. You can use this Scie ion іп, а Par with any other gud a 
АЙ : К conjuncti T ledge © 
the current time of day to allow you to jud section with knowle 8 cy 
of an event. On a larger time Scale Тобе rather accurately the recen ý 
: Ё Ou can ; Ё ou 
graduated from high school, sinc à it Judge how long ago y 


€ you pr. г 
year. you probably remember the month an 
However, there are many 


be no conceivable mediatio. 
associations with time conc 
not look at your watch, ar 


Conditions 2 

oa aei under Which there would appear to 
epts Yon be, Judgments Via direct or indirect 
" | d egin talking to a friend but you do 

u estimate how | 

i j i И n 
talking. Such a judgment will be far aboy n you have Apr 
conceivable mediation via direct or indire; a Sese i there is : 
There are several different theories about the ability to pina ү 

j rnstein a € such re- 
cency judgments. Ornstein a eee ыл 

mediated by judging the nu y 


that have been formed 
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ee be retrieved during the period of time being judged.? If we 
be a lon on retrieve many memories for some time period, we judge it to 
Reuters. aa There is some evidence supporting Ornstein’s storage size 
Process WE and И Is plausible to imagine that a complex reconstructive 

owever this type might sometimes be of value in judging durations. 
without a ы сан also have a direct impression of the recency of events 
lished oy M. TROT assessment of the number of memory e 
clock” ^ A period of time. There are at least two different шаг 
Tents, A E ies that postulate more direct mechanisms for recenp judg- 
attached ccording to one of these theories, every event Has a aed p 
associate Y it when it is stored in memory, and this time tag mig ht be 
also be © with the event. When the memory 15 retrieved, the time tag sen 
Clock з St 1 the current value of one's inter nal 


ieved and compared witl 
Ter to another theory, every memory trace has two prop FA 
тарі and fragility. At the time a memory trace 15 established, str engt han 
есеп nd both decline progressively over time. 
men, $ while other memory judg- 
3 gility, the more recently an 


I £ cur 

both have initial values, a 

y judgments are based on trace fragility, 

are b; g 

even are based on strength. The greater the fra 
t occurred: 


Re 
Producti 

uctive versus Reconstructive Memory 
hat has been directly stored 
of information stored in 
is as to what 


Re 
broduct; 1 , : 
Productive memory is memory of material t 


and 

does д 1 - 
Memor 5 not require any inferential combination | 
eS К awing conclusior 


mig 
ты happened or what must be true based on what oe ae 
ese two ome psychologists believe it is important to pam pe А мееп 
irect Мек ga of memory on theoretical grounds, though there в id 
niil ine Es support such Е distinction. | trated upon reproductive 
Tote) mem А y most psychologists have concen М a Ee e гоп 
Memory р ory, though Bartlett, Dawes. and a few others n S IUS 
more xd or ргоѕе > Recently, however. psychologists have | pee stu ying 
Natural plex semantic memory in à manner that includes in че, а 
questic part of the retrieval process. This is important, because mont о ше 
Ур Ons that we can answer require inferential combinations of several 


associations. For example. I know that people live in Canton 


Reconstructive memory involves аг 


ferent 


Penguin, 1970. 


Baltimore: 
ournal of Verbal Learning and 


Process.” J 


*W. A. Wick 4. 
Cognition, 1974 (8 E Single-Trace Fragility Theory of Memory Dynamics.” Memory and 
$E. C, Barten 775-80 ` 
кааран. pas 5 
bridge Univ Au membering: A Study in 


Material." Ву; Pres 
British j, 555. 1932. R. M. Dawe 
7 "та! of Psychology, 1966 ( 


гхретітепа! and Social Psychology. London: Сат- 
Memory and Distortion of Meaningful Written 


7), 77-86. 
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China, even though I probably never directly stored this information, be- 
cause I know that Canton is a city and cities generally have people binge 
them. The number of questions we can answer through this inferentia 
combination of direct associations far exceeds the number we can answer 
on the basis of direct associations alone. M 

Memory based on inferences is ubiquitous even for events whose m ae à 
might have been stored directly. We habitually infer what must have ар 
pened based on the fragments that we сап directly recall concerning a 
event. Furthermore, we do this in a way that is often rather hard to distin- 
guish from direct associative recall. Since human inference is far from 
infallible, the difficulty in distinguishing reproductive from — 
memory can sometimes be a serious problem, as in court room testimony a 
eye witnesses to accidents or crimes. Unless a lawyer carefully questions an 7 
cross-examines them, eye witnesses will frequently recall a large number 0 
details that are based not on direct perception and memory, but rather e 
inferences, some of which may be incorrect. Many of these inferences occu! 
as a part of the perceptual process; others occur during retrieval. ius 

Clearly, inferential or reconstructive memory is very important and ie 
neglect a serious omission. Nevertheless there is still every reason to belen 
that principles derived from more elementary reproductive memory tas 
also apply to the direct associative component of inferential memory. 


Semantic versus Episodic Memory 


Tulving has introduced a disti 
memory. Semantic memo 
principles, especially the 
more general use of the t. 


Me" . - rela- 
nguistics based on the assumption of a close! dic 
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ы олтан eum we are able to remember has typically been presented 
ene wr in a wide variety of different contexts. This means that a 
еа c : nas been associated with many contexts—B, C, D, etc. As 
Periode ussed in the next section of this chapter and in Chapter 14, the 
ete.) no of two or more associations to the same stimulus (4B, AC, AD, 
This oe interference in the memory for any one of these associations. 
parasite ийе interference process explains why we don't remember any 

ar context in which semantic information was learned without hav- 


ing t е "уйкен 
ril О assume separate memory systems for semantic and episodic informa- 


LONG- 
NG-TERM CONCEPTUAL MEMORY IS ASSOCIATIVE 


final exam in sociology, and you ask yourself, 


Y А 
Оц аге walking to your 
hat seems like an eternity, no- 


ino know about sociology?” For w 
туе es to mind, and then gradually you тёбай a few scattered bits of 
Course fe You panic! You think to yourself, “I have studied hard for this 
so little с y mind should be filled with knowledge of sociology. How come 
Ceptual omes to mind?" Relax. You have merely demonstrated that con- 
irreleya memory is associative. The little test you gave yourself is virtually 
edge Fea to assessing your knowledge of sociology, because your know- 
ook n шону is not in a set of file folders under a heading that you can 
e B iri nr scan over. Such a memory would be of much less value than 
bur е memory you have. А Son 1 
associati, €mory stores associations tO specific cues. You ka gave ee 
Ody of kr memory the wrong sort of cue, a cue so nonspecific to a large 
nowledge that little in particular emerged in response to that cue. 
e€ In time you can generate specific concepts and propositions in 
Y that will serve as cues for further retrieval, but there is nothing 
ow start. 


Surg; 

rising i : 
ow 8 in your getting off to such a sl 
lon let 


hat can be remem 


me interesting phenomena t Pon diis Ha 
y this t eory. 


ay within the framework provide 


Capacity 
Ho 
w . 
оту th Many concepts and propositions are stored in our long-term mem- 
estis, Ге retrievable via the proper cues? No one has a very accurate 
» but there must be tens of millions or more The vocabularies of 
dreds of thousands of words by 


mbinations of concepts 
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associated with these words that compose the various propositions (facts 
and principles) that we have stored in our memories, the size of long-term 
conceptual memory is staggering. To retrieve a proposition from a nonas- 
sociative storage system for such a large body of material using a serial 
search process would require an enormous amount of time (with any 
reasonable estimate of the search time per location). Long-term conceptual 
memory must rely on some direct-access retrieval system with little or no 
searching. 


Recency Judgments 


Perhaps the principal advantage of a tape recorder memory over associa- 
tive memory is its capacity for extremely precise temporal resolution. Once 
an event has been located on such a tape, one ought to be able to make very 
precise recency judgments, and one certainly should be able to judge the 
relative recency of two events with high accuracy, assuming each event 15 
still stored on the tape. In fact, there is little reason to expect temporal 
order judgments for two well-remembered events to ever be confused in 
such a nonassociative memory. It is true that with a tape recorder memory 
the representatives of events can decay or be erased or covered over with 
noise, but such a memory would not be expected to interchange the order 
of event representatives. 

Human beings do have some capacity for making relative recency judg- 
ments, but it is abysmally small in comparison to what could be achieved by 
someone with a tape recorder memory. We are frequently able to re- 
member two facts perfectly well, but we have little or no ability to Te 
member which fact was learned more recently. As previously discussed, the 
capacity we do have for making temporal judgments of the order of events 
appears to be far better explained by means of direct or indirect ав Рн. 
tions to time concepts, possibly supplemented by some sort 9 
intermediate-term (seconds to hours) biological clock. 


Transfer between Serial and Paired Associate Learning 


The first systematic experimental studies of human learning and mem- 
ory were performed by the German psychologist Hermann Ebbinghaus 17 
the 1880s.” Among his many important contributions to the field, Ebbing 
haus invented the method of serial list learning in which the task is to lea! ү 
in order a series of N items (words, nonsense syllables, letters, digits. etc.) 
For convenience, we can designate the successive clements of the list by 
ABCDEF, etc. d 

The two most common procedures for serial list learning are the met 
of complete presentation and the method of serial anticipation. with ше 
complete method, the entire serial list is presented (usually sequentially aue 


7H. Ebbinghaus, Memory. New York: Dover, 1964. 
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Tones Б nS ien per second), followed by a test of retention, such as 
Sie Зы subject attempt to recite the entire list. One presentation and 
est of the entire list constitutes one trial, and trials follow one 
after another, 
det ee method the subject attempts to recall the first item in 
the кок by presentation of the item, followed by attempted recall 
is defined sui item, then presentation of the second item, and so on. A trial 
тео n asa complete passage through the entire serial list, with a typical 
the dui hiring being two or four seconds per item, during which time 
anticipate "in note the correctness of his previous response and attempt to 
Sense syl] м BEST, ешь Verbal materials such as letters, numbers, non- 
in Жет] es (CEG, RIZ, etc.), or words are typical materials used as items 
visual ecm tn Presentation can either be auditory or visual, though 
eae has tended to be favored. | — 
(ABCDEF gists once thought that subjects learning a serial list 
DE йл. m 9 essentially learned a series of paired associates AB, BC, a 
in the subs as were so, subjects should show considerable passe p 
БЕ, БЕ sequent learning of a consistent list of paired Ss ; GD; 
faster bk Phat is, they should learn such a paired-associate ist must 
(МОро an if they had learned a neutral list with ш лч 
Pare the hee өр ап inconsistent list (DAECBF . ‘ А E is m cs pea t 
Previous ormance of the consistent group w ith a соп т g р ie 
ж erial list to control for general practice 


learned a neutral prior s | i 
negative transfer from a prior 


ects in; 
inconsisne learning. One might also expect й acids pis chee ме 
under co serial list compared to the neutral contro = i i de b 
Sàrneg | nditions where the ABCDEF ... items themse xus um e 
to learn HE such as words. That is to say, subjects might take um рү 
ist than ype -associate list when it was preceded by an pcne ida se " 
tions єр "nen it was preceded by a neutral serial list. The same expec a- 
поша also hold when the transfer is tested in the opposite direction 


Tom 
list, Paired-associate learning to a consistent, neutral, or inconsistent ser ial 


Sin 
SE аг 1 Е . ы . 
е5, і Nearly identical associations меге presumably being learned in both 
' magine the surprise of psychologists when some experiments 
: lists and other experi- 


ed |; а t 
little Ог no positive transfer for consistent 
ficant transfer effects.* The 


S she : 
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Carn g this area of research is that when many subjects [вага кетн) 
сер га Serial lists are associations of the items with serial position con- 
асар “quently involving grouping of the items. That is to say, subjects 
а " 4 E УМ Ф + Г 
€ seria] Position concepts such as "first item in the second group of 
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in serial list learning (particularly in longer lists), but position-to-item as- 
sociations are often at least as important if not more so. 

The assumption that memory for such material is associative can handle 
such findings, but only by rejecting the naive assumption that the only 
associations being strengthened are those between representatives of 
events occurring in the external world. Subjects are assumed to be thinking 
and quite able to associate these thoughts with each other. We must assume 
mental association of contiguously activated ideas, not exclusively or even 
necessarily associations of representatives of contiguous sensory events. 
Subjects use their memories to supply additional associative structure fo! 
the encoding of any particular experience, and they are also paying more 
attention to some aspects of their experience than to others. 


Similarity Effects in Interference 


One of the best-established and most fundamental facts concerning 
human memory is its susceptibility to interference from subsequent (an 
sometimes prior) learning of similar material. Learning many associations 
to a common stimulus reduces your ability to recall or recognize any О 
these associations (except recognition of the last association learned). Joh" 
Anderson has shown that this applies to memory for meaningful (propos 


tional) material as well as for the paired-associate material so frequently 
studied in the laboratory.? 


Since it is easier to describe in 


. as- 
terference phenomena for paired 
sociates, we use this as our exam 


; ple. When a subject learns an AB pair ап 
then an AD pair, subsequent attempts to recall either the first or secon 


associate of the А item are almost always less successful than recall of the 
associate of an 4 item when subjects have learned AB followed by CD or en 
followed by AB. f 
The negative effect of subsequent learning on the storage or retrieval 0 
prior learning is termed retroactive interference (RI). The negative effect s 
prior learning on the acquisition, storage, or retrieval of subsequent wt 
ing is here termed proactive interference (PI). The term negative transfer > 
often used to refer to the negative effects of prior learning on subseque” 
acquisition (learning), and proactive inhibition is the label for its negativ" 
effects on storage (retention). However, this usage leaves the negative € J 
fects of prior learning on the retrieval of subsequent learning in a uet 
what ambiguous position. For some purposes it is convenient to have а te? s 
such as proactive interference, which is neutral with respect to the phos 
locus of the negative effect. We shall examine whether the negative effect? 
of proactive or retroactive interference are in acquisition, storage, ОГ x 
trieval primarily in the chapters concerned with memory dynamics. It 


°J. R. Anderson, "Retrieval of Propositional Information on Long-Term Memory: 
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€ven possible for retroactive interference to have a negative effect on the 
acquisition phase of prior learning if it shuts off rehearsal more effectively 
than the control condition. However, careful experimentation usuallv 
eliminates the possibility of differential rehearsal. 

Since repeated presentation of the same event often directly accesses the 
Same internal representatives in an associative memory, AB-AD paradigms 
Often result in the establishment of two associations with the 4 representa- 
tive. Clearly, such memories might interfere with each other. In particular, 
unless auxilary information is stored concerning the relative time of oc- 
Currence of each association, an associative memory can lose the informa- 
ton concerning which pair occurred first. Hence, one would expect greater 
difficulty at the time of retrieval in recalling the first associate of 4 in the 
AB-AD paradigm than in the AB-CD paradigm, and such effects are ob- 
Served. A tape recorder memory need not have this problem. І 

With recognition tests of whether 4B was previously presented as a pair, 
9ne also observes similarity-dependent retroactive interference. Learning 


ofa subsequent AD association appears to weaken the strength in storage of 
à previously stored (similar) AB association. That is, learning AD produces 
some unlearning of AB. Learning of a subsequent CD association produces 
NO greater forgetting than that found in a nonlearning control condition 
that prevents rehearsa].!? Since human associative memory must have some 
lmit to its capacity to connect one node to other nodes, such similarity- 
€pendent unlearning is very reasonable. With a tape recorder memory, 
^ € ability to retrieve an AB pair might decline with an increasing amount 
of intervening material learned, but there is no necessary reason that either 
a age or retrieval interference should depend on the nature of the rape 
al learned in the retention interval. That is to say, the AB-AD and 4 
jonditions might both produce poorer recognition of 4B than the non- 
“arning AB, Rest (with rehearsal control) condition. However, the pattern 
results is that AB-AD produces interference in recognition memory for 
» While АВ-Ср produces no interference at all compared to the nonlearn- 


Б contro] condition. 
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А rrect 
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pairs produces unlearning of the first list of pane, in 
average of 6.5 pairs were correctly matched in the AB-AD paradigm, md 
the AB-CB paradigm, and 5.6 pairs in the ABr paradigm. McGovern !? 

preted these results to indicate that Subsequent 


tial unlearning of the forward association from , 
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Pun: Sn oyen 20 other studies support the conclusion that approximately 
quent ўр ning of the bidirectional AB association is produced by subse- 
Siesta e or GB learning, with subsequent ABr learning producing the 
nlearning as assessed by a recognition matching test. 

erc obtained a rather different demonstration of associative inter- 
had sh t Ms time in semantic memory for meaningful sentences. First he 
the hus em a data base of 26 sentences of the form "A person is in 
in the B aant For example, subjects learned sentences such as "A hippie is 
еее e and "A policeman is in the park." In the data base г. 26 
tions E Some persons were paired with only one location and some оса- 

re paired with only one person. Other persons were paired with 


two | 
9r three locations (in different sentences), while other locations were 
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Table 9-1. Average Reaction Time (sec.) in Anderson's Study 


True sentences False sentences 
Locations per person Locations per person 
1 2 3 Average 1 2 3 Average 
Persons 1 148 124 127 1.23 126 127 132 1.28 
рег 2 1.28 1.25 1.32 1.28 1.34 1.32 1.32 1.33 
location 3 119 124 1.51 1.82 136 1.39 1.41 1.39 


Average 1.22 1.24 1.37 1.28 1.32 1.33 1.35 1.33 


gists in whether the learnin 
would be superior learned a 
tive memory we hav 


g of a body of material (usually a serial list) 
s a whole or part by part.!? With a nonassocia" 
€ two ways of learning a list such as ABCDEF in a 
ABC and DEF. The first way is repetition of each part, wherein the tap” 
head might move back over the same three locations, impressing a succes 
sively clearer image of 4 in the first location, B in the s : 

in the third location. This would be followed by the impression of D int? 
the fourth, E into the fifth, and F into the sixth location. The second way P 
for the system to use replication (multiple copies) to strengthen the men 


ory via repetition, setting up a structure such as ABC, ABC, ABC, DEF, DEF, 
DEF. 


econd location, and 


Neither alternative can be s 
alternative, which appears on t 
pletely fails to account for the 


quared with the facts. The strengthening 
he surface to be the more reasonable, con? 
fact that after humans have learned all Le 
parts via the part method, they have considerable difficulty connecting ше 
parts. It is as if the end of one part had to be explicitly associated to the 
beginning of the next part. This should not be necessary with this kind о 
nonassociative memory. bs 
The replication alternative has the Opposite problem. How does the SU 
ject ever learn to connect the parts? If previous part learning is beneficia" 
as it clearly is, how does the subject ever learn to stop making CA errors? 
The simple linear connection structure of a tape recorder memory is !? 
adequate to account for the more complex network structure of conceptu? 
memory, even in the case of simple linear list learning. " 
By contrast, the assumption that conceptual memory is associative aP 
pears to be consistent with the basic facts of whole versus part learning: 
13For a review of early studies, see 


x an 
J. A. McGeoch and A. L. Irion, The Psychology of Hun à 
Learning, 2nd ed. New York: Longmans, 1952, PP- 499-507. See also: L. Postman an 


Gog, Whole ys. Part Learning of Serial Lists as a Function of Meaningfulness and Intra $ 
Similarity.” Journal of Experimental Psychology, 1964 (68), 140-50. A. L. Fingeret and d 
Brogden, "Part vs. Whole Practice in the Acquisition of Serial Lists as a Function of Class 2 
Organization of Material." Journal of Experimental Psychology, 1970 (83), 406-14. 


list 


Verbal Learning and Long-Term Memory 241 


Althou id 
tite ae in of serial lists is frequently superior with the part 
espite the fact к е method is sometimes superior in learning efficiency, 
the part win hat subjects almost invariably have a strong preference for 
бур or ie hod and they receive more immediate reinforcement in the 
appear to ks ned performance using the part method. Thus, there would 
some Ж тры learning advantage for the whole method that can under 
ith an на outweigh the motivational advantages of the part method. 
achieves the qme memory, the advantage of the whole method is that it 
learsed, Cori Saresti efficiency ratio of associations rehearsed to events re- 
tions fora ‘ sidering only direct (adjacent) forward item-to-item associa- 
ist of N items learned by the whole method, the number of items 


Tehe 

‘arsed is 5 ч 

№1. Thu is N while the number of direct forward associations rehearsed is 

(Муу ‚ the efficiency ratio of learning а list of N items at a time is 
ition of N items is 


f- Wi 
times th е a constant rehearsal rate, the time for гере! 
le time to rehearse one item. However, in an associative memory, 
the number of adjacent fairs 


ed incr, 

à: Bets eiie with the length of t 
atio is y, m For example, in learning 
.. More im utin learning a list of eight items | 
Ing the portant, this efficiency ratio is espec! 
but LEM where one direct forward association is being strengthened, 
Strength, two (and typically more) items are rehearsed in order to 
m n that one association. This also agrees with the fact that in learn- 


Jy th 
e Я * . . 
part method a very large amount of time 15 typically spent 


le 
arni 
in 
to connect the parts. 


it is Ж. 
ally unfavorable in connect- 
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d to recall as many of the items as 
associative mem- 


Ities at the time 
socia- 


Fr 
li Се recall i E 
St of j ll is an experimental paradig! 


Items s 
Poss б folent words) and instructe 
der being irrelevant. From the standpoint of 


.^' Such 

o a а : 

: геш а procedure should provide considerable difficu 
or no control over the as 


А { 1 
pons TN since the experimenter has little | i 
id ise: m may have formed during list learning and the experr 
trieyą] c Vides no specific cues at the time of retrieval. All of the specific 
Stig. ada must be supplied by the subject, and free recall performance 
R ch Геге, Оез depend substantially on the subject's ability to generate 
a he al cues. To achieve good scores on free recall tests, Jenkins and 
coer ite usfield, Deese, Tulving, and others showed that subjects tend to 
mo ms that are highly associated to each other or form the items into 
Category labels such as “birds,” “animals,” “cities,” and the like. 
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Category cues supplied by the experimenter in acquisition or retrieval are 
particularly helpful." 

It is not at all obvious why these effects should occur, if memory for the 
items consisted of storage in successive locations on a tape. Free recall of at 
least the last list presented should just consist of playing back the last 
section of tape. Category cues and associations between items ought to be 
irrelevant. For lists learned a longer time ago, there might be some uncer- 
tainty concerning where the list began and ended on the tape, but once the 
first and last items were identified, recall of everything in between should 
be unaffected by category cues and associations. This particular experr 
ment has never been performed, but it is certain that the effects of category 
cues and inter-item associations on free recall would still be present even 


when the boundary items of the list were explicitly presented at the time of 
recall. 


Spacing Judgments 


Hintzman and Block presented subjects with a list of 19 words presented 
on a screen at a rate of five seconds per word. Some words appeared twice 
in the list, others only once. After presentation of the list, the test consiste 
of pairs of words which might be two repetitions of the same word (4 - ^^ 4 
or two different words (4... B). Subjects were to estimate the number of 
words that had intervened either between the two repetitions of the same 
word or between the two different words. As shown in Figure 9-1, subject? 
showed some ability to judge the prior spacing between repeitions of the 
same item (4... A), but no ability to judge the prior spacing betwee? 
different items (4 .. . B).5 If the memory of a list of words consisted of a 
sequence of pattern representatives for the words stored in successive 10€% 
tons, as in a tape recording, spacing judgments for two different words 
ought to be equivalent to spacing judgments for two occurrences O the 


> BS : ч ё 
ош» The significant difference їп spacing judgments under thes" 

onditions, therefore, contradicts the nonassociative tape recording theory 
of memory. p 


An associative theory holds that the second time A is presented, it аси“ 
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i n Psychological Associa- 


hich should result in recogni- 
in a recency judgment for 


8 it had been since A was previously presented. For example, the 
ume 4 is presented the subject may think to himself, "There's A 
Xquisiti "ic it before about ten items back." In such cases there will be 
for 4 9n of a new associative trace that encodes the spacing information 


^72, but there will be no such trace for Jio 


CHUNKING 


unki "T " 
in, in А : j arning, as it does 
N so 8 plays an important role in long-term verbal le g 


fop ei other learning and memory phenomena. Indeed the support 
the braking is so widespread that the principle has already penetrated to 
Stamina? culture in the form of a rather well-known joke. In the final 
his sud eru psychology of learning course, one student is sitting with 


1 a її 1 " Г 4 y erv- 
"Dg th ! his hands, apparently deep in thought. The professor, obs rV 
ord for 20 minutes, walks over and 


as e 5 
| ks w hat ; Student has not written a W un : 
“©, ере Wrong. The student answers “Well, I did just what you said to 
чик i E í my lecture notes 

ed the material. First, I read ove! the text and my 
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and condensed all the ideas into a ten-page outline. Then I reduced this to 
three file cards, then to three sentences, and finally to a single word. But 
now I can't remember the word." “Bullshit,” said the professor. "That's it!”, 
said the student. 

Underwood and Schultz did a series of studies to explore the notion that 
when a subject learns a serial or paired-associate list, there are at least two 
different phases of the list-learning process: learning the responses and 
learning the associations between stimuli and responses. If the response 
elements are nonsense syllables or other nonunitary, poorly integrated, 
verbal material, subjects first learn to associate the parts of the responses to 
form single units. In terms of the current theory, they form chunk nodes. 
After they form chunk nodes for the responses, they can then more easily 
associate the stimulus nodes to the response nodes. If the stimuli are poorly 
integrated verbal units, subjects may sometimes chunk stimulus elements as 
well, though this is not so essential to correct performance in most of these 
tasks.!$ 

Material that has been chunked together to form a familiar single unit 
appears for most purposes to function as a single unit in learning and 
memory. For example, Glanzer and Razel found that free recall of words 
containing two syllables (donkey, chestnut, earthquake) was at least as good 
as recall of monosyllabic words (elm, yawn, scrap). At a somewhat higher 
level Bower demonstrated that familiar three-word phrases (ballpoint pen; 
birth control pill, turtleneck sweater, good old days) can function as single 
units in lists of items to be recalled, but that unfamiliar three-noun com- 
pounds (couch, flag, sun) function as if they were three separate units. The 
familiar three-word phrases were recalled in a perfect all-or-non€ 
manner—that is, there were no partial recalls —but partial recall of the 
three-noun compounds was common. Furthermore, the familiar three- 
word phrases were recalled virtually as often as single words.!? 

It is now clear that the process of associating two words in a paired- 
associate learning experiment is not a matter of forming a horizontal as- 
sociation from one to the other. Paivio, Bower, and many others have 
demonstrated that learning paired associates is greatly facilitated by 
generating a unitary visual image that contains the concepts represented by 
the two words and relates them in some way. For example, Bower studied 
paired-associate learning for 100 pairs of unrelated concrete nouns such as 
dog-bicycle. Subjects were given five seconds to learn each pair, and a cued 
recall test was given after every 20 pairs for the preceding 20 pairs. (In 
cued recall, the stimulus is presented and the subject attempts to recall the 


16B, J. Underwood and R. W. Schulz, Meaningfulness and Verbal Learning. Chicago: Lippin- 
cott, 1960. 

"М. Glanzer and M. Razel, "The Size of the Unit in Short-Term Storage." Journal of Verbal 
Learning and Verbal Behavior, 1974 (13), 114-31. G. H. Bower, “Chunks as Interference Units iP 
Free Recall." Journal of Verbal Learning and Verbal Behavior, 1969 (8), 610-13. 
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response.) After all 100 pairs had been presented and tested once each, a 
final cued recall test was administered. One group of subjects was in- 
Structed to associate the nouns by imaging a visual scene in which the two 
objects were interacting in some way (a dog riding a bicycle, a dog jumping 
Over a bicycle, etc.). The other group received typical, neutral, paired- 
associate learning instructions to "learn the pairs so the stimulus (left 
member) could cue recall of the response (right member)." On the final 
recall test the imagery group recalled about 80 percent of the responses to 
Sumuli, while the control group recalled about 50 percent.!? This enor- 
mous difference is typical of the effectiveness of learning by interactive 
Imagery, 

Rohwer and others, following the lead of Epstein, Rock, and Zuckerman, 
demonstrated that memory for paired associates can be greatly facilitated 
by embedding the two words into a meaningful proposition (sentence) that 
Unites them into some common idea. For example, a pair such as boy-turtle 
might be learned by embedding the pair into a sentence such as “The boy 
looked for his lost turtle." As Asch, Ceraso, and Heimer and Epstein, Rock, 
and Zuckerman demonstrated, associations between pairs of visual forms 
€ also greatly facilitated by learning them as parts of a unitary visual 

mage.'® (An example of this is shown in Figure 9-2). The beneficial effects 
of chunking obtained even though the recall test involved decomposing the 
Picture into parts, which is more similar to the condition in which the pairs 
E learned as separate parts. The effects of unitization (chunking) are so 

Tong that they overcome any such negative factor. : 
Cin i beneficial effects of semantic chunking also apply to € mor 
shor. E than pairs of words. Kintsch, Crothers, and Jorgensen stu 

"term memory for word triples using a distractor paradigm over re- 


Fi Separated Images Unitary Image 
igur, i 
us 9 9-2. Presentation of a visual paired associate as two separated images and as a 

ary image. 
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tention intervals ranging from 3 to 24 seconds. Subjects were prevented 
from rehearsing during the retention interval by the requirement to start 
from a three-digit number and count backwards by threes as fast as possible 
until the experimenter gave a signal indicating that they were to recall the 
three words. They found that memory performance could be greatly im- 
proved via instructions to form a phrase or sentence that in some way 
connected the three words into a single unit. A variety of control conditions 
demonstrated that the learning superiority under these conditions occur- 
red because the subjects formed a single chunk that integrated all three 
words into a single unit rather than because the instructions induced à 
higher semantic level of processing of the three words. For example, in one 
control condition subjects were instructed to form an appropriate separate 
phrase or sentence for each word (the phrase the ferocious dog or the sen- 
tence the dog barks for the word dog). Even when subjects were allowed more 
time for this type of separate semantic processing and elaboration, memory 
for the three words was substantially inferior to the condition in which the 
three words were integrated into a single chunk.2 

Horowitz and others have studied redintegrative memory, the kind of 
memory in which a subject is presented with a picture, story, sentence, Qn 
phrase composed of several parts and is later given some of the parts an 
asked to remember the rest, or to reinstate the whole from some of the 
parts.?! It now appears that a great deal of human conceptual memory 18 
redintegrative. Most conceptual memory probably involves the formation 
of propositions and images that unite several constituents into a single 
higher-level chunk. The psychologists who emphasized the importance 9 
structure and organization in human memory were clearly correct, though 
S should alsa be clear that there is no conflict between a vertical network 
organization and the assumption of associative memory. 

It is instructive to consider one of the li 
memories should have the chunking property of defining new nodes t? 
stand for a set of old nodes. We could have a chunk be represented by the 
set of nodes representing its constituents. The association of two chunks 
orien proceed by associating every node in one set to every node in Ше 
с» Г ыл tiara etur ў constituent nodes would appear" 
А d 5, quickly be a large number of inter? 
ing associations. Defining a new node to stand for a particular combination 
of old nodes greatly reduces the susceptibility to associative interference: 

One final point needs to be made concern erti- 
cal and horizontal associations. new 
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Under many conditions the ability to perform backward recall in serial or 
paired-associate memory is inferior to the ability to recall in the forward 
direction, which is the basis for the assumption that backward associations 
are weaker than forward associations. Asch and Ebenholtz challenged this 
assumption with the principle of associative symmetry, which asserts that 
associations are bidirectional rather than unidirectional, and that forward 
and backward associations are equal in strength. According to Asch and 
Ebenholtz, the reason backward recall was typically inferior to forward 
recall in paired-associate learning was the frequent choice by experimen- 
ters of stimulus items less well integrated than the response items, and that 
even when the materials used for stimulus and response items are equiva- 
lent subjects tend to chunk response items more than stimulus items, which 
makes the response items more accessible in recall than the stimulus items: 
When this accessibility is controlled, Asch and Ebenholtz claimed that as- 
sociative symmetry would be obtained.22 

Although stimulus and response items must obviously be equivalent 
types of items, many of the other procedures advocated by Asch an 
Ebenholtz to insure equal accessibility of stimuli and responses resulted i 
considerable weakening of the temporal asymmetry between the two items: 
sci О, Бай (о edicion between forward and back 
recall of both Benet dori i visual presentation of gesti: to 

: 1 pair using a “free recall" procedure tenes 
permit a subject to learn and recall pairs in either temporal order. with 
еши presemed, word-word pairs, Murdock. and atr at 

Symmetry.?* This means that spatial position 


irrelevant. However, obtaining associative symmetry with such a procedure 


has li i igi 
s little meaning for the original temporal distinction between forward ап 
backward associations. 


А Wollen and his colleagues have performed the most extensive and defin" 
uve investigations of associative symmetry in paired-associate learning: 
course they use equivalent $ and R items. They also use a very W 
controlled procedure of alternating study trials (in which subjects must 
pronounce the stimulus and Tesponse members in strict temporal gram 
with response trials (in which the subject is tested in either the 
forward—S-R —or backward —R-S — direction). This equates for respon? 
availability and intent to learn in one direction or s other and leaves 
g the S and R nodes on study trials as the only 
s well-controlled procedure yielded clear d 


ell- 


manipulated variable. Thi 


225, E. Asch and S. M. Ebenholtz, ~ indi i America” 
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dence tha е - 
though т іс associations аге stronger than backward associations, 
таа le of backward associations is also substantial.?* 
answering fact is generally a better controlled procedure for 
rate items and с; ^ questions because the stimuli and responses are sepa- 
the earliest кшн. | е independently manipulated. In this case, however, 
symmetry was = piece of evidence obtained regarding associative 
and/or x ie ackward recall in serial list learning is invariably slower 
55 true for both pes than forward recall. This inferiority of backward recall 
wards) and for | well-learned serial lists (try to recite the alphabet back- 
Itin the back imediate memon (look up a telephone number and recall 
Stimulus item ward direction). Since every item in a serial list is both a 
sibility nes and a response item, there can be no difference in the acces- 
Clearly Ан items in either direction. Hence, although it appears to be 
With й ue backward associations are strengthened simultaneously 
When strict c associations, forward associations are probably stronger, 
represent; control is exercised on the temporal order of activation of nodes 
» зге items. 

ж, has been little interest and bac 
‘Orward and за qualitatively different. Obviously, we can distinguish the 
‘NStructions t ackward direction, because subjects are able to comply with 
i € middle бе recall in either direction in a serial list. Subjects starting in 
item When th a list typically do not give the stronger forward associate to an 
Jt One chen e instructed to recall in the backward direction. This is 
о any oi е of the fact that we have many different types of associa- 

ct thea en item. Perhaps there are different labels on the links that 
odes of associative memory, or perhaps a more complex 
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mediation via a chain of direct associations or via serial position cese 
Ebbinghaus's method of derived lists probably avoided mediation y | vna 
of direct associations, but it has other problems that render any son red 
tion in support of the existence of remote cem i APR "i Dr 
sive at present. If the successive members of a serial list are labe ëc : ^ a 
4,5,6,7, 8, 9, a first-order forward derived list would have the for m F ^ ^ 
7, 9, 2, 4, 6, 8, a second-order derived list has the form 1, 4, 7, 2, 5, 8, А se 
etc. That is to say, the items in the list are rearranged to form a пе a 
in which formerly remote associations are now adjacent. Ebbing: а 
reasoned that if positive transfer were obtained from learning the firs he 
to learning a second (derived) list, then this would be evidence for 
existence of remote associations. "- 
First it should be noted that this procedure does not adequately So ie 
for positive transfer based on serial position-to-item associations, vu 
now known to be very important in the learning of serial lists. Since the f i 
item in the original list is also the first item in the derived list, there be 
be positive transfer based on this fact alone. Factors such as these wou ш 
better controlled by using circular lists that have no unique beginning pem 
However, even with circular lists there is no way of preventing а 50 rs 
from imposing a serial ordering on the elements of the list, and subj 
very frequently do this. - 
Many subsequent investigators have not found the positive transfer uen 
Ebbinghaus found for derived lists.?9 This may be because Ebbing E : 
used an extremely rapid rate of presentation (approximately 0.4 it 
per item) in learning his lists, and subsequent investigators have а pe^ 
employed much slower rates. Ebbinghaus's rapid rate of presentation n 
have simultaneously prevented indirect mediation by chains of direct? 


to-item associations and mediation by serial position concepts, simply c 

cause-there was insufficient time. Also Ebbinghaus used himself as n, à 

subject and carefully avoided complex encoding strategies. In an cia 

rapid rate of presentation may facilitate the formation of remote ass? ree 

tions, since the more rapid the rate of presentation, the greater the deg 

of temporal contiguity for a given remote association. d nor 
At present the existence of remote associations is neither prove 


А ; : ra ; neas" 
disproved. However even if they do exist, remote associations by any п 
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ure, are substantially weaker than direct associations, which raises the ques- 
ton of their functional significance outside of rapid serial list learning. 
rur may have little or no significance. Alternatively, the capacity for 
ы. remote associations тау be integrally related to the chunking 
P. oia of the human mind—that is, the capacity to form remote associa- 
may be identical to the capacity to chunk a number of successively 
Presented events into a single node. Viewed in this light, increasing remote 
ie capability might be integrally related to intelligence. It is an 
€sting speculation, but that is all. 


Implies and Coimplies 


ogg к of the vertical associations formed via the chunking des 
н а uces yet another potential distinction between diffe: ent узн о 
d fier dons, the distinction between up and down in a hierarchy T 
associati A and B are associated to a higher-level chunk no гл € the 
иро Ў IONS from A to the chunk node and from B to the chunk node are 
" ard associations, while the associations from the chunk node tod and to 
Багы ettan associations, as illustrated in Figure 9-3. Transiaung ee 
а ии notions into logical terminology. the relationship koreo ban 
Mila Its constituents (4 and B) has the character of a nie 
Since mehr means that the chunk node implies all Sr its eae = 
appro, шн is a conjunction of its constituents. There is до кк 
Топ hee logical term, for the logical relation in the upwar bai сж 
Since E Constituents to the chunk, so I have invented the va i n ve 
the ch ach of the constituents along with the other constituents coimp 
unk, 
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SUMMARY 


10. 
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rder, 
ioti А item, ord 
One can distin Ypes of memory such as: (1) iter 

and associatiy 


У tion, 
2) recency, frequency, spacing, spent 
and modality (3) reproductive versus reconstructiv ason 10 
ory, ic versus episodic memory. There is little re ific 
Suppose that the ical differences correspond to any aiam 
es in memory storage, Perhaps the $ ts from 
Case can be made for distinguishing certain recency judgmen 
y. Іт 
Y of rapidly accessible human conceptua rcl 
cess to memory traces with little or no sea 
Most cases, 
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€ memory; ( 


ant 
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h in 


» OF retri 
ve interference i 
Orage or retriey 


Retroacti 


or to a common Superordinate (category) concept, rather than eet 
ganization by temporal con iguity. This result is also contrary to wh 
would be expected with a Nonassociative (tape recorder) memory- 
Ability later to judge the temporal spacing between two occurrences 
of the same word Gc yis substantially superior to the ability to 
judge the Spacing between occurrences of two different words 
(4...B). T 


his difference appears to be inexplicable with 
sociative me 


a nonas- 
Mory, 


Human associative memory appears to have the capacity to form ver- 
tical associations to specify a new chunk node to represent a combina- 
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uon of elements. The chunking process may play an important role in 
Concept learning, the response-integration phase of paired-associate 
learning, and the learning of associations between elements by incor- 
poration into a higher-order propositional or image unit. 


When concept nodes are activated in close temporal succession, both 


the forward and the backward associations are strengthened, but the 
forward association is stronger than the backward. There is no unam- 
biguous evidence for remote associations, but they are a possibility. A 
Vertical association downward from a chunk to one of its constituents 
15 a logical implies relation. An association in the upward direction 
from a constituent to the chunk is logically a coimplies relation. These 
may or may not be psychologically distinct types of associations. 
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10. To discuss the role of experience in children's acquisition of syntax 
(grammar). 


; Although structural verbal memory is vitally important for understand- 
M verbal input and communicating with others, the basic purpose of the 
erbal modality is not to encode words and their structural—phonetic and 
Braphic— constituents, but rather to encode meanings. Structural verbal 
nemon is a means to the end of improving our semantic memories by 
Permitting the semantic memory of one person to communicate with the 
semantic memory of another. Most of our phonetic and graphic verbal 
arning is complete by the time we reach adulthood. Virtually all the 
"A и verbal learning of older children and adults consists of modifica- 
of higher-level semantic memory. А ) T m 
epee are times when even adult human ре 1еагп ү, 
the e à poem or prose passage, but these are the excep x , : y 
Y encode the meanings of the verbal material they hear and read, not 
nu words and phrases used to convey those meanings. исне 
рагай; this experimentally within the context of a iii d ро 
: gm. She presented subjects with prose passages to reac’, US. 
ij Immediately required to judge whether a test sentence was structur- 
aba v entical—that is, identical in every respect indue ety ү 
fane tn Soe ous. presented previously е piss mean- 
ing by Пе test sentence was identical. In other cases it was 1 : E n 4 
10 different in syntax or wording, such as conversion ITO 


assi , Р i г 
е Voice or changes in words or word order that did not alter the 
(i aning. There were also test sentences that were altered semantically 

È bstitution of a word that 


nterchangi К я 
осы Changing subject and object, negation, SU Magis 
lsewhere in the passage) 50 aS to change the meaning. fne 


changes were constructed so as to prevent identification of 


Semantic 
ds that had not occurred in pas- 


Chan 
Sage, 
а There were 

nd the relev 
Occurred atu 
Material (ear 


es owi " ; 
865 owing to the introduction of wor! 


three retention intervals (the time between the test sentences 
hen the relevant prior sentence 


97 seconds of intervening prose 
and 46 seconds of intervening material. 


ва €^ the test sentence was presented immediately following the relevant 
ic and structural changes was 


i but recognition of purely structural 


Sachs' study ina; М А ч 
ш icates that structural information concerning the form of 
1], S. Sachs, “Re, 
Course." Perception pu 
d 


i actic and Semantic Aspects of Connected Dis- 
P 5 


tion Memory for Synt 
Ychophysics, 1967 (2), 437-44. 
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à sentence often is 


Stored for a у 
prehension. Long-term Storage of s 


om- 

ery short time—just enough vnd 

entences is for their meaning, я аге 

dent of original form, Subsequent studies have indicated Hinr тиса 

conditions under Which people are able to remember the purely der most 
5 for longer than a few seconds, but un 


clu- 
K $ almost ех 
term memory for sentences is concerned alm 

for meaning. 


WORD AND CONCEPT NODES 


ch 
€ cat concept, SU 


À atentional set) for certain 
asing effects could be achieved by priming 
*G. A. Miller, G. A. Heise, and W. Lichten, “The Intelligibilit, of S T f the 
Context of the Test Materials.” Journal of Experimental Ps z Реесһ as a Function o 
Rubenstein and I. Pollack, *Word Predictabilit i 

and Verbal Behavior, 1963 (2), 147-58. A. N. St 


ar 
and Context Components of Word-Recognition Behavior,” 
America, 1963 (35), 639-44. 
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biasing) ; 
"n d = possible featural or segmental constituents (components) of 
Y primin y words, but it is obviously much easier to achieve such biasing 
for Gu (or concept) nodes, rather than by priming all the nodes 

Third 2 QS of words. 
recognize i s that occur more frequently in a language ar 
seems easil us words that occur less frequently. This word-frequency effect 
more ШШ Sapien by means of a bias (set) to perceive or respond to 
effect Ti re words than to less familiar words. It seems unlikely that the 
or phon d be attributed to systematic differences at the segmental (letter 
quent] eme) or featural (attribute) levels between frequently and infre- 
Fin end words. 

like n one of the most impressi 
ion, Reid is Reicher's word-superiority effect 
her and others demonstrated th 


Percepti à 2 
Com Ption of letters in words is superior to t 
Parably long nonwords and sometimes even better than the perception 


о . 
und тонла single letter. For discrimination of letters in words, subjects 
m "e ed to choose which of two words differing in only a single letter 
tion vr S bats and rats) was presented on a given trial. For discrimina- 
might Тонн іп comparably pronounceable nonwords the alternatives 
бос € bast and rast. Naturally the single-letter discrimination would be 
condita b and r. The result (which has been obtained reliably under some 
у оа but not others) is that the b versus r discrimination 1$ better when 
Ке are embedded in words than when they are embedded in pro- 
Men E nonwords and better even than when a single letter is pre- 
Murs isolation.* The word-superiority effect provides a very convincing 
ation Stration of the existence of word nodes that can aid in the discrimi- 
ò m letter constituents. Furthermore, the fact that words are superior 
Word parably pronounceable nonwords indicates that the result is due to 
nodes, rather than merely to syllable nodes. 


e easier to 


ve supports for the existence of word- 
in tachistoscopic visual recogni- 
at under certain conditions the 
he perception of letters in 


n 


Words and Concepts 

hich are high-level structural nodes, 
tic nodes. Many single words have 
e word are closely 


Itis; 

linn. important to distinguish words, W 

am сни which are basic-level seman 
ultiplicity of meanings. Some meanings of the sam 


E 
D egs, 
Bout owes, “On the Relation Between the Intelligibility and Frequency of Occurrence of 
eig and rds? Journal of the Acoustical Society of. America, 1957 (29), 296-305. M. R. Rosenz- 
mental P L. Postman, “Intelligibility as a Function of Frequency of Usage.” Journal of Experi- 
Known 519108), 1957 (54), 412-22. I. Pollack, H. Rubenstein, and L. Decker, “Intelligibility of 
and H, R аве Sets." Journal of the Acoustical Society of America, 1959 (31), 273-79. C. Brown 
1961 (133), раа "Test of Response Bias Explanation of Word-Frequency Effect." Science, 
G. M. Reic “ 

Мае ыр,» Reicher, “Perceptual Re ition as a Fun! 
сы уне е Бей эшш 1969 (81), 
ecognition." Cognitive Psychology, 1970 (1), 59-85. 


ction of Meaningfulness of Stimulus 
275-80. D. D. Wheeler, "Processes in 
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related, but others are 


zven a single 
less closely related or even unrelated. Even 
dictionary definition 0 


: t 

f a word can refer to different concepts in ie cm 

ear may refer to bears in general, n е even 
ies of bear or to a particular bear. It mig! em 
T, Or to a fictitious cartoon character that М must 
and think like a human being. All of these concepts are different an onfu- 
ntic memory, if we are to avoid hopeless € 
sion. 


: 4 differ- 
ord refer to many different concepts in pari 
t words or phrases can be used to cuneo 
same concept, Synonyms and pronouns are the most obvious cases. George 
names versus definite des Tiptions of the same concepts, such as © 


e 

in it.” Afi ; ? present, but Jim was too young to be abl" 

to spin it.” After hearing a number of such sentences, subjects were Las m 
£d to select those they recognized as having occurred i 

of the words in the recognition test h i 

the Preceding sentences (old words), some were me 

ed to old words with the meaning oe 
ce context (for example, bottom for top ! 


; her group), some were new words relate 
ord with a Meaning different from that used in th 
tence, and some we. 


e prior sen- 
control new words 
false recognition wi 
lated to the Correct meanings of old words, but not for new words 
the other meaning. 


°C. A. Perfetti and D, Goodman, “Semantic Constraint on the Decodin 
Words." Journal of Experimental Psychol, 


9 Б of Ambiguous 
logy, 1970 (86), 420-27. 
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je аадар and Tulving and Thomson have demonstrated 
Context in SR memory for a word is decreased by changing the verbal 
For exam m it is first learned in a manner that changes its meaning. 
jam апа bee if subjects are originally presented with the phrase raspberry 
much ellen tested for recogniuon memory of jam, performance is 
raspberry ja е When, it is presented in the phrase traffic jam than when 
in reco T occurs in both learning and test. By contrast, little decrement 
meani gnition memory for nouns occurs when the adjectives bias the same 
ning of the noun, such as raspberry jam followed later by strawberry јат. 

шшс has. found that associations to ambiguous words раме 
(words апо longer than associations to unambiguous words 
сана one primary meaning Or with closely related meanings). He 
ats s for a number of possibly confounding factors and concluded 

41 so called “word associations" are actually between concept representa- 


tive 

S rc E E 2 
ather than between word representatives. 

rd nodes as well as concept 


res is also evidence that subjects have wore sites р 
jects’ al ut it is less compelling. In the raspberry jam experiments, the sub- 
entir , ойну to recognize the noun jam was still substantial, even when an 
rely different meaning of the word was contextually biased. In addi- 


lon z à : 
n, there appears to be a number of advantages to interpolating some- 
graphic nodes and concept 


ing |; idvar 
wode like word nodes between phoneuc or с с 
Con; $. Concept nodes must be activated by a large variety of different 

Junctions of attributes. Word nodes appear to chunk the phonetic attri- 


"rn characteristic аура ien dps f direct associatior 
tie is also evidence to support the existence o ү agno а М 
consid e phonetic and graphic nodes and concept gp xU кар ©; 
Chee е the tip-of-the-tongue phenomenon. Everyone rs ж ^ a i- 
and in not being able to recall a пате. We know that t he wor is Sh iar, 
ed at under other circumstances We have recalled it. We may eel that 
je on the verge of recalling it and can even recall some of its attributes. 
oe ell-known experiment by Brown and McNeill created the Berar tis: 
te state experimentally and demonstrated that subjects were able to 
pho beyond chance many of the segmental constituents (letters, 
fe пе, syllables) of words they could not recall. They could guess bet- 
Ne an chance the number of syllables in the word, its initial letter, and 
s with similar sounds.® In the tip-of-the-tongue state, subjects know 
* concept that they are thinking of, since they can define it using other 
d Semantic Context on Recognition 


1970 (9), 1-11. E. Tulving and D. M. 
ffects of Associative Context.” 


Effects of Change 


verbal Behavior, 


On a 
Men L. Light and L. Carter-Sobell, “ 
Memory: E 


igi I 
бн, Journal of Verbal Learning and V 

Jour, son, "Retrieval Processes in Recognition 
m of Experimental Psychology, 1971 (87), 116-24 
"Rn. 4 MacKay, Personal communication. 

> . Brown and D. McNeill, “The ‘Tip- - the-Tongu 

ing and Verbal Behavior, 1966 (5) кыр the-Tong 


e Phenomenon." Journal of Verbal Learn- 
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that do not 
© give new technical concepts names 
convey inaccurate meanin 


: А EY whole and 
Such is the case with constituent. A component is a part of some 
the whole is lite ally composed 


(chunk) is cued (acti 


assumed that se 
data and genera) 


at have oq 


: 1 e 
to the highest level of verbal knowledge including all th 
Propositions we have lear 


a 
ned. Episodic memory, of the events of our p 
lives, is assumed to be a part of semantic memory rather than a separ 
type of memory, 


Associative Memory 


] Ь- 
Human verbal memory is associative. Most of Ше Bags an that € 
lished the associative Character of verbal memory haveuséd pairs and se 
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reason to believe that this type of 
ic memory that is used to 
ple, there is every reason 
urs by means of embed- 


list: : 
Meare items, but there is every 
encéde-all UM in precisely the same semant 
to believe th propositional knowledge. For exam 
ing the at most paired-associate learning occ 1 
pairs into meaningful propositions. Furthermore, studies of 


memo 

t . H . 

елу for sentences demonstrate the same associative interference 
ena characteristic of word-pair memory. As we discussed in Chap- 


ter 9 

tion топ has shown that subjects аге slower to recognize a proposi- 
the lo ch as “The hippie is in the park” when either the person (hippie) or 
i cation (park) is included in other propositions learned by the subject 


in th ; 
€ experiment. 


Phra 

s ve 

€ and Proposition Nodes 

is very much in question at 


Alth 

о $ 

ugh the structure of semantic memory 
monious view 1S that the 


U 

si d parsi 
i istic of the lower levels of the verbal 
tic memory as well. Anderson 
hat the structure of 


er at Cotton Lake 
119 


of seman 
tic memory assume t 
h as “One summ 
rammed in Figure 10- 


moq 
and Buy applies to higher levels 
Our sema r in their model of seman 
arren oe memory for a sentence such 
euer ca a walleye" would be as diag р ү, 
аге the ing to this theory, the highest-level arena ofa a Seni 
cludes been (which includes a time and a location) and a fact (w ich in- 
а predic € subject, verb, and objects). The fact node (chunk or unit) follows 
Predicate grammar in that the constituents of a fact node are a subject and 
Object ate, and the constituents of the predicate node are a verb and 
$9. Thus, just as concepts such as walleye are themselves conjunctions 


proposition 


context fact 
predicate 


Warren caught a Walleye 


One 
Fig summer at Cotton Lake 
ч i j 
re 10-1. The structure of semantic memory for a proposition (according to the theory of 


ni 
Чегзоп and Bower). 


E 

TRA 

© „ЖЭ nderson, "Retri a B fi L Е ý 

"Ете Psychology, oe re ii d Information from Long Term Memory. 
A А x 

nderson and Bower, Human Associative Memory- 
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8 pounds 
Warren caught a Walleye weighed 
Figure 10-2, Partial dia 


gram of the Possible structure 
Sentence that incorporat: 


a comple* 
of semantic memory for 
es two propositions. 


ept constituents caught b. s 
n caught walleye is a bp pec M 
ught walleye, etc. Thus, the re sin , simi- 
between propositions and conc in semantic memory may be very 
i cepts and attributes. -jes are 
ve stored in our semantic ane e 
sition shown in Figure 10-1. For oe that 
consider “One summer at Cotton Lake Warren caught a ae in 
weighed eight pounds.” Such a sentence can be considered to be sto 
semantic memory as tw iti 


constituent of the embedded 
ture shown in Figure 10.9 сд 
and eight pounds 
other constitue hat 
Formal psycho inguistic experiments also Support the assumption es 
complex senten ntic memory by their RO 
ns. For example, in remembering sentences composed ua 
: й Propositions is greate 
the same proposition 
€ other Proposition 1n 
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Warren caught a Walleye 


knows one summer at Cotton Lake 


Fi " 
‘Sure 19.3. Possible structure of semantic memory for one proposition embedded as a 


Consti 
tuent of another proposition. 


the E А , 
; € Same sentence.!! The hypothesis that the structure of semantic memory 


S based on the storage of propositional units is now rather well нанне а 
s Contrast to the wealth of evidence SUPE E Ок sel: 
an °en-propositional analysis of sentences» there is fite even Hes ds 
ama Particular hypothesis of the within-propositional structure i. a a 
ing ih Linguistic intuition provides a limited degree edis puis 
д Icating for example that the object and the verb are more c А 
ane other than the object and the subject are Тара З p 
ict been assumed that propositions have a prec ik ate syi ee 2 e 
most basic constituents ofa proposition are 115 subject and 115 ре E. in 
F € predicate being the verb and its objects. The Anderson-Bower theory 
p iates somewhat from the typical predicate grammer in ш азышрцов 
m the contextual modifiers of a proposition are higher -order con- 
‘uents rather than embedded constituents of the predicate. TS 
Оте support for a predicate syntax derives from the obser wa that 
e Subject of a sentence is usually the better cue шеше recal of the 
Mainder of the sentence than the verb or the object. Since the subject by 


Ubid, 

1 of Sentences." Journal of Verbal Learning and Verbal 

d R. Boakes. "Prompted Recall of Sentences." 
1967 (6). 674-76. L. M. Horowitz and L. S. 

1.95 1] Thios 


12 
TE La Blumenthal, “Prompted Кеса! 
E nomad oF Ved (6), 203-6. A. L. Blumenthal an 
rnal of Verbal Learning and Verbal Behavior, 6. L ! 
“учак, "Redintegrative Memory." Psychological Review, 1969 (76), * 


emory for General and Specific Sentences.” Memory and Cognition, 197: 
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itself is a constituent of the 


: „ verb and the 
Proposition (or fact) while the verb 
object are merely parts of t 


E some 
he predicate constituent, this тм таті 
evidence іп Support of а subject-predicate structure for Ше Бре 
Propositions of semantic memory. However, matters in this area 
very unsettled. 


Semantic Integration 


Semantic memory for com 
volve the formatio 
the component sentences, w 


leo 
EM ; 3 > examp 
phrase nodes that the two propositions have in common.!? One wer in two 
this was illustrated in Figure 10-2. Similarly, information presen antic 
Separate sentences inyo ing common conce 


nta- 
indistinguishable f 


n- 
SEE constructed 9^ 
related component x the 

sweet jelly that pos e ants 

table." This complex sen t propositions: Tea 
were in the kitchen,” “The jelly was on the table,” “The jelly was 5 aine 
"The ants ate the jelly." First subjects listened to sentences that gon eit 
one, two, or three relate s and were told that 
task was to list 


€ component propo pen 
y had heard. Thus, | alt 
nce was exactly FS all 
€cognized sentences that шанды 
А ugh they had never heard а seni In 
with all four component propositions during the acquisition period. ко 
this case at least, the Same network structure of Propositional compone! 


* : 4 een 
intersecting at common phrase and concept units appears to have b а 
established regard] Sitions were combin 


asked to state w 
one they had heard 


four related Propos 


ess of how the component propo. 
into sentences, 


» Human Associative Memory. " Li j- 
HJ. D. Bransford and J. J. Franks, “The Abstraction of Linguistic Ideas.” Cognitive Psyche 
ogy, 1971 (2), 331.50. 
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Context and Episode 


The ге: 
text БЕ iine шешогу theory of Anderson and Bower assumes that con- 
Contextually benc i to fact nodes via vertical associations to a common, 
Provides an fe ified proposition node as illustrated in Figure 10-1. This 
that have 93 “Бан explanation for our capacity to remember the events 
ory, In the E. red in our life, what Tulving referred to as episodic mem- 
common co irst place, all of the facts to be stored in our memory In à 
Episode ог ntext could be associated with the same context node. Àn 
Бек цы dag of events could be represented by means of yet 
Other us propositional nodes encoding what events followed what 
be encoded by hori- 


lternas; 

n . 

Zontal ашыр sequences of events or episodes may 

associations between contextually modified proposition nodes, as 


illut 
rated i ” р à á 
ed in Figure 10-4. The word then is written on the horizontal associ- 


atio 

“Чоп be 

il tween two successive proposition nodes, but that does not necessar- 
t form from other associations in 


Episode st › based on memory of such an 
{Nother y ored in our semantic memory, the transition from one event to 
i vould be accompanied by some transitional word such as “then” to 

imply that the association is 
association. Not every word that we 
e node or type of association 


Spe 

ak i À 

repres n a sentence needs to have a uniqu 2 

1 enting it in semantic memory. The cue to use a certain word, particu- 
such as articles, prepositions, and con- 


Ty 
К E Li semani 
Jun grammatical function words 


Str 


lexly determined by the network 


Ctions (i à 
e (including then), may be comp j 
re of nodes and associations being communicated. 


then 


Last ni 
night at our house a car stopped two men got out 
a car stopped and then two 


Fi 

gu 

тепе 10-4. Encoding of the episode "Last night at our house 
got out." 
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RECOGNITION AND ACQUISITION 


ic memory 
an associative semantic de 
z ssess, recognition involves "bsec 
; j ewi mes : 
Fera: gus hat sentence with so 


the proposition 
familiar to us, 


since new 
n the acquisition of new хаа 
knowledge should be associa ge to be maxima A famil- 
When we a € recognize as much of it as ! the re 
i associations and nodes to represent 


process would 


; bu 
Ge д S -oncepts 

€ information concerned with the same concep 

es. 


RETRIEVAL 


Tm retrieval t 


ic 
I use the te О refer to the elementary usage of sees 
memory involved in answering yes.no questions ("Does Jane play bridg 
and wh-questions ("Who plays bridge?, 

"Where is my bat?" etc.) Elementary q 
by means of a Single word or short phr 
with respect to the Beneration of grar 
use of objecti 


ing illustrates the extraordina 


е are 
roughly to tests 6 


recall. (A more p 


" а 
some differences, yes-no questions correspo! 
/hile wh- i o 
f recognition memory, while wh questions are tests > 
; in - E B I 
recise analysis of recognition and recall will be given ! 
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С E 
са ae now we note that recognition is as critical a component of 
mines whet! i OF acquisition.) To answer a yes-no question, one deter- 
represented by al of the propositions 1 the input sentence are already 
Ositions of t = a node structure existing in semantic memory. If the prop- 
tic memory зе input sentence all match propositions stored in ones seman: 
tions in МЫ опе ѕауѕ "yes" to the question. If one or more of the proposi- 
semantic i input sentence are contradicted bya proposition stored in 
memory, one says “no.” If any of the input propositions can 


neith 
er be fi E à : 
be found in semantic memory nor contradicted, one might guess 
a response is permit- 


Either “yes” 
ted), yes” or “no” or answer "don't know" (if such 
Ay я . 
vh-question asks whether the components of the input sentence al- 


with an additional component that consti- 


Teady ex; 
restion, "When did War- 


tutes the st in semantic memory 


Ten cate answer to the question. To answer the qu A 
i tch the walleye?” one first attempts to find all the components of the 


i 
En p as an existing node structure in semantic епо (recogni- 
fact « Nat is to say, one attempts to find a node structure containing the 
arren caught a walleye." Then one attempts to fill in the blank 
хтеле by the question word un the vidus ques 
Structure phrases, or propositions associated with th g 
Askin 


Teprese 


Ocrati 8 and answering questions is an amema good еа 
а ver ы dialogue method of instruction has been an S s a 4 
active] ong time. We very much want to encourage stu ui 9 Em n by 
will y asking questions. When you read a book or listen E a lecture, you 
n i increase what you learn by actively thinking о К you 
terrifi ne book or the lecturer to answer. W hat makes a p. sona mnor so 
just bs for learning is being able to ask lots of questions and get answer to 
what you do not know and want most to learn at that moment. No one 


Nows f, я : A 

s for s Е : 4 al for learning, but one 

| for sure why asking questions is SO beneficial f g с 
eviously discussed theoretical 


Plausi 
hrs answer is contain i tees 
15 of wh-question answering: To ask (or answer) a wh question, one 
USt have built a semantic memory node structure that includes a large 
Part of what is necessary to encode (or retrieve) the answer. If we ask the 
question, "What constituent provides the best cue for recall of a proposi- 
node structure, such as that 


lon?" " 
sh 2’ we need already to have established a : 
Own in Figure 10-5. This means that when we ask that question, we have 

her-order nodes and 12 of the 16 


г . 
Cady established six of the eight hig › 
e the answer, "The subject con- 


Ertic- Pup 
Stit lcal associations necessary tO encod ifs К ; с 
е Uent provides the best cue for recall of a proposition. Asking questions 
nds to insure that we will store the complete answer in semantic memory 


ra н re 
ther than just part of the answer, because so much of the acquisition 


г 
Process has already occurred. 
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free of the potential for error. Human bein 
eral proposition that birds fly, 
that particular birds cannot fly. 
following the general rule that 
general class information w 


gs undoubtedly store the ae 
despite the fact that they have к by 
Conflicting conclusions may be avoide Е. 
specific information takes precedence o 
henever the two are in conflict. 


Expansion 


Imagine that you overhe: 
this morning." Huma 
formation by inferri 


"If John is taller than 


Bill and Bill is taller th 
^" It is still ano 


Pen question w 
med in verbal s 


is taller 
an Sam, then John is e 
2 : 1 гап51- 
hether inferences involving trà 


COMPUTER. ASSISTED INSTRUCTION AND SEMANTIC MEMORY 
Computers can 


for instruction 19 n mo useful, albeit stil very expensive, — 
а © MOst typical use of a computer for direct instructio 

15 Somewhere between а textbook and a human teacher, The unit of in- 
struction is a frame, which is Usually an amount of material that can be 
displayed on the TV Screen that forms a Part of a student's terminal. Th€ 
student's terminal also may include an audio output device and it almost 


The identification of t 


hese and 
work of Roger RR 


Р " е to the 
Schank and Charles Rig Ls r; Por inference owes a great deal 
"Inference and the Computer Understandin, of Nay їп 


Tegeti 
R. C. Schank and C. J. act 
ter Science Department, Stanford Un PBuage." A.I. Memo 197, С 
"SR. S. Moyer, "Comparin T 
Psychophysics.” Perception and AN 4 1973 13; y and 
"vg. C. Atkinson, "Teaching г ipei 
1974 (29), 169-78. p. S 


Read Usin 
?uppes and M, Morn} “6 
jor c PH 7 ningstar, Co; 


al 
pna 
ence Suggesting an Int 


à ychologit 
ga Computer," American Pelo Keh 
™Mputer-Assisted Instruction." 5 
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always includes something like a typewriter keyboard for responding to the 
computer's questions or asking questions of the computer. Frames may be 
of a number of types: information-giving frames, question-asking frames, 
answer frames, directional frames (“return to your classroom,” “choose the 
lesson you wish to work on today"), and mixtures of these types. The 
computer will present information, ask a question, wait for a response, 
decide whether the answer is correct, and provide an answer frame stating 
that the answer was correct or that it was wrong and, often, why it was 
wrong. Then the computer will decide the information or question frame 
to present next. . f | 

There are several advantages to computer-based instruction. First, the 
Computer evaluates the student's answer and can give individually approp- 
Nate feedback concerning the type of mistakes made by a particular student. 
Programmed texts can approach this kind of flexibility by listing all the 
Classes of answers toa question and the feedback to the student appropriate 
for each answer, but this is clumsy and slow. A classroom teacher also has 
fairly severe limits on the amount of individually appropriate feedback he 
9r she can give, since many students must be taught at once. A personal 
tutor can be either better or worse than a computer in providing indi- 
Vidualized feedback, depending on the quality of the tutor and of the 
Computers instructional program. Second, the computer has considerable 
Power to make decisions regarding the optimal scheduling of instruction 
Ог each individual: how to sequence the frames, what to review and when; 
What to Skip, etc. Atkinson has demonstrated that such optimization can 
Subst ) arning speed.”° Textbooks have much less power to 


antially increase le Г 
ly increase ‚ and classroom teachers are proba- 


y qus tim Fc када eal 
SS tive a . | A 
hird, айшшытацуе chores such as testing, grading, and record keep 
Ing are performed very efficiently by computers. — — 
tea, Mputer-based instruction is sometimes deficient in the — sii 
“achers have explicitly programmed their knowledge of a eu jec fe 
Pedagogical technique (or both) into the computer. e etes as 
“ction can be excellent, if good teachers put much thoug ih 
rt ation of the instructional frames and the executive control on ДЕ 
ner s resulting system is tested and modified where it proves : 
Tient, If these conditions are not met, such instruction can be very m 
tems € fundamental deficiency of most computer-based goce d 
th today is in its capacity to answer students’ questions. We ved 
га dialogue method of instruction, where students can ask ques 
Subject and get appropriate answers immediately, is а. for es 
d Certainly it encourages a more active, creative, problem-so 


20 


9 iC А A s7 = struction.” Ameri Psychologist, 1972. 
(27). ут. Atkinson, “Ingredients for a Theory of Instruction.” American gi 
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approach to education, and this can be very useful in later life. Some 
beginnings have been made toward dev 


eloping such question-answering 
programs for use in teaching, 


?! but the development of question-answering 
programs depends on development of artificial semantic memories in 
computers, so that they can encode know 


derstanding questions. A computer canno 
recognize what the question is about. As w 


of semantic memory and how we match the constituents of a question to 
nodes in semantic memory, 


we will be able to construct dialogue-teaching 
programs that are effective artificial analogues to having a tutor for each 
student. 


ledge in a form suitable for un- 
t answer a question unless it can 
€ learn more about the structure 


THE ACQUISITION OF CONCEPTS 


Constituent and Propositional Meaning 
Concept 
e hand, 


oa a 
entation 1n meal 
a combination 0 


21. A. Swets and W, Feurzeig, "Computer- 


3 Ni 
Aided Instruction," Science, 1965 (150), 572 
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do i 
н ү sensory attributes in the name, but the referen- 
fòr the df the concept may be encoded largely indirectly by memory 
read and ка = оне їп w hich the concept is embedded. After I learned to 
quently ame reacting one book after another, my mother would fre- 
not mer pe. E for not looking up in the dictionary words that I did 
the ейп . a her repeated admonitions to look up new words in 
cabulary = ү А most never did it. Nevertheless I acquired a large vo- 
hes ET d € btedly much more quickly than I could have by following 
Much aru Dy asking her what words meant. 
comes from а icing of both concrete and abstract concepts probably 
dai s dove by way of the propositions of which the concept isa part. 
view of et all of the work on concept learning has emphasized the 
9ne can do ear as logical functions of their lower-level constituents. All 
s to keep in mind that such a view probably represents no more 


than half 
half of the complete story. 


M 
Sthods of Concept Learning 


Cor 
AC — . В А + s 
€pt lear ning is used to include everything from what a child does in 


баггі 
Ж п В TAE 
g the meanings of different words to what college students engaged 


N sophier; 
Sopk м : Р à s 
bhisticated inferential problem solving do to figure out the rule that 


Classi: 
ifies z M 
Some complex forms into one geometric concept or another. The 
o types of concept learning are 


Psyc} 

Nologicg ч à 
un «м gical processes involved in these tw 
9 edly very different. This difference has been recognized by most 


the 
Tearce 2 ^ s 
searchers in the concept-learning area, and they have distin- 


sł 
eod е of different methods of concept learning. ——— 
| Closely : a distinction among methods of concept learning is proba- 
€vels of cei elated to the distinction between constituent and propositional 
9r conce hcept meaning. These appear to be two basic classes of methods 
Method 2 learning: observation and inference. Observation, the more basic 
y adults ; the primary method used by young children, but it is also used 
S in situations where the instances to be classified differ on a very 


la 
rge 
nu S eqs = E 5 : 
regu], ber of dimensions that аге not specified to the subjects, which 
ning the 


Ults р 
Sin d " 
little or no opportunity to draw logical conclusions concer 


atur 
COE à 
Ples of the concept. Inferential concept learning occurs when the exam- 
expla; € concept differ on a small number of dimensions that are clearly 

pe of concept is also clearly exp- 


theo T the subject, and when the ty - learly 
pl ature q ae it possible for people to draw logical conclusions about 
by For Sie the concept from a small number of examples or nonexam- 
E do the ki erential concept learning, subjects should have sufficient time 
he Conce ind of logical thinking required to draw inferences concerning 
propositi Pt. Inferential concept learning depends heavily upon the use of 
“Bic г 9ns already stored in semantic memory that encode the rules of 
€asoning, 
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totype in conjunction with some notion of the acceptable types ires € 
of transformation of that prototype. Some theorists deliberate y co "€ 
definition of a concept in terms of a prototype with definition of a enn 
in terms of sets of component attributes or features. When a basen e 
defined by a prototype, sometimes it may be possible to find a шоо 
of attributes that characterize that prototype. Alternatively, many не 
may Бе learned by means of a multiplicity of different prototypes. In са 

cases a concept would Бе a disjunction of various conjunctions of attribut М 
That is, an instance is an example of a concept if it possesses one set 9 

attributes or some other set of attributes or some other set of attributes, etc- 


Inferential concept learning. The classic investigation of inferential Cone 
cept attainment is that of Bruner, Goodnow, and Austin. Subjects ims 
given artifical geometric stimuli differing in a number of dimensions such 
as shape, color, number of borders, number of figures, and so on. The pos- 
sible values for a stimulus on each dimension w 


were explicitly instructed regarding possible rul 
as an example or nonexam 


ere specified, and subjects 
es for defining an instance 
ple of a concept. For example, subjects might Rl 
told that the Concept was a simple conjunction of one or more дА 
attributes, where an attribute was a particular value of a dimension. / 
typical concept might be all stimuli containing two red squares. Such а 
concept has three relevant dimensions: the number, shape, and color of the 
figures. Bruner, Goodnow, and Austin used Harvard students as subjects: 

As a result of all these characteristics, it should come as no surprise thas 
the methods used by the subjects were highly inferential and completely 
different from the methods used by children or by adults under other 
conditions. Bruner, Goodnow, and Austin classified their subjects’ methods 
of inferential concept attainment into two categories: scanning (hypothesis 


testing) and focusing (inferences concerning relevant and irrelevant dime 
sions). Scanning consists of forming an h 
ple, about the co 


ain- 


bute must be reley 


Р * - " " 2р" 
relevant to the concept. The frequency of focusing, 45 op" 
posed to scanning, 


& 5 Or 
€ c methods is greater for more intelligent subjects and f 
subjects with greater practice in conc 


€ptattainment tasks.24 
TO Wu ` . А 956- 
#4]. S. Bruner, J. J. Goodnow, and G. A. Austin, 4 Study of Thinking. New York: Wiley. 199 
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Attention and Concept Learning 


ч In both observational and inferential concept learning, attention plays an 
important role. Subjects do not pay equal attention to all of the attributes of 
examples and nonexamples. Hull's study of observational concept learning 
demonstrated that drawing attention to the common element by painting it 
In red facilitated concept learning. In the scanning method of inferential 
Concept learning, subjects typically acquire information concerning the at- 
tributes that are relevant according to the hypothesis they currently hold 
and learn little else from presented examples and nonexamples. In the 
.ocusing method, subjects draw conclusions concerning the relevance or 
irrelevance of the attributes that change from one example to another and 
logically draw few if any conclusions concerning the attributes whose rele- 
vance has not yet been determined. | 
Studies by Bourne and his associates have demonstrated that increasing 
* number of either relevant or irrelevant attributes increases the diffi- 
= ОЁ concept learning. Such findings are predictable ona — i 
b 1 Otheses, but limitations of attentional capacity provide He most plau н 
*Xplanation for them. The more irrelevant dimensions there are, the 
ма likely the subject is to pay attention to an irrelevant dimension rather 
ап to а relevant one, The more relevant dimensions there are, the more 
mensions the subject has to pay attention to in order to learn the 
Concepy 25 
itera and Trabasso rather definitively demonstrated ше муран! 
Чопа] processes in concept learning. First they observed that su j 
concept learning typically performed at chance, then suddenly od 
early 100 percent correct in their classification of € 
nonexamples. Furthermore, if the correct ripe ios t ы: 
"нөн... 5 were shifted during the presolution aei b p md. 
uch ки Shifted concept as rapidly as subjects that aruis алй. E 
e a suggest that under these conditons m iar ide E 
Final Ct values prior to directing iiim йв. 
sions Y, concepts can be defined by means of re ee ines, Git 
я For example, the examples of a concept might all be blu " 


x r i lue 
rcles are never presented in any other color s blue, a: ew p 
i used P fi the two dimensions — 
с as th other form, 
in: бер on ed only learn the correct value 


аге redundant in that the subject ne 


th 


я = lexity on the 
Dtifica , The, Jr., “Effects of Delay of Information Feedback and Ты ид, Bulgareila 
Ra E, Tan of “Concepts.” Journal of Experimental Psychology, A9 3 Function of Amount of 
veley. ^ Archer, "Concept Identification of Auditory -— Psychology, 1962 (63), 254-57. P. 
levant Information." Journal of Experunen” al Concepts: Effects of Number 
-. E. Bourne, jr. "Identification of Віола ер iin 11066 (20), 198-207. R. 
ы т FA В sych D, {7 É cee 
p mg dn Conadi Lrrelevant Dea. in Nonconjunc 
- Stevenson, "E s of? ў 74), 309-4. 
arning.” Journal of Experimental Psychology. 1967 (74) 


Ide L. E, Be 
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; ; па 
of one of them in order to solve the concept-learning task. dear er Pi 
Bower found that most Subjects base their response on only one attribu 
and are typically unaware of the other relevant attribute.?6 


Types of Concepts and Attributes 


concepts—that is, 
butes, and nonex- 

attributes, However some experiments 
have used disjuncti ‚ in which examples possess one attribute or 
another attrib Я 


gical functions, such as implications (if 4 
[ ning examples of a concept ——— 
compared the difficulty of learning dif- 
re in virtual agreement that оилоп" 
©агп, although Bourne has demonstrated 
an eventually become as proficient with 
cept learning as they are with conjunctive 
Weene suggest that human beings use m 
j ion, inclusive disjunction, an 


З pt learning has been studied in two differ- 
ent senses, In investigations that ha H 


x А агп 

subjects can lea 
from €xamples as Opposed to nonexamples of a Concept, the results have 
Benerally shown that more is ] i 


Е "nal 

i ification.” Journa 

), 409-18. С, В rabasso, "Concept Identifica 

. Stanford: Stanford Universtiy 

ersal and Dimensional Shifts n 

Psychology, 1964 (67), 398-99. T. Trabasso anc 
68. 


Press, 1964, T. i 


3 OEC 7 j. wer, “Presolutio, j 
Concept Identification.” n Rev 
G. Bower, Attention in 


ы А-а Bourne, Jr., "Learning and Utilization of Ci а "I 1 z (ed) 
Memory and the Structure of Concepts, New York: Wiley, 1g Rules,” В, Kemma 
?*U. Neisser and p. Weene, “ 


^ Exberimental 
Psychology, 1962 (64), 644-45, ey Expert 
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аи га anost real life сапер» though, nonexamples gener- 
т в. Un hn OI icy than оа Sides the information in 
dán aw | lepus ed so as to be m pe that in examples, subjects 
veas Да ex $ а песи ш us practice can learn from 
ihe HUS ae E west: dee d es. j In ишга сопсер learn- 
The h xa ph proba n play ехо ol preventing overgeneralization. 

1 ypothetical child who calls every man Daddy" has presumably ac- 
quired a concept with too few relevant attributes. Misclassifications of this 
lype are generally corrected, so that the differentiating characteristics of 
other men are associated with the negation of the concept “Daddy.” 

Negation can also play a different role in concept formation, in that 
concepts can be defined in terms of the absence of certain attributes as well 
as the presence of these attributes. Under at least some conditions, it ap- 
Pears that concepts requiring the absence of an attribute can be learned as 
quickly as concepts requiring the presence of an attribute.?! The most 
"portant condition for obtaining this result is probably that the subject 
Initially have some reason to expect the absent attribute to be present. This 
Occurs when the number of attributes is small and the prohibited attribute 
Occurs in nonexamples of the concept. The negation of something is prob- 
ably only represented in the human mind when there is reason to expect its 
Positive occurrence and that expectation is not satisfied. Negative attributes 
©ап only be learned when there is some reason to expect them. ey 

Che role of negation in concept learning points up the likely possibility 
that concept learning depends as much upon associating similar nonexam- 
ples to the negation of the concept (for instance "not Daddy") as upon 
associating examples to the concept representative ("Daddy"). In addition, 
the attributes associated to a concept or to its negation may be negations of 
attributes (negative attributes) as well as positive attributes. 


Develo 
pmental Trends 
Idren learn appear to 


first concepts that chi 
п objects.?? Children 


AS Piaget has emphasized, the 
apply to sucl 


эе р 
Concrete objects and the actions that 
Information Concerning Concepts 


rnal Experimental Psychology, 1953 (45), 
ien E. Fun on of Probability of Positive 
rimental Psychology, 1966 (72), 


290 = М 
TI C. 1. д. Hovland and М. Weiss, “Transmission of 
hrou 


E. Positive and Negative Instances.” J r 
Instances. - W. Schvaneveldt, "Concept Identi ication und 
649.60 and Number of Relevant Dimensions. Journal of Expe 
is ч H "ati 
ү. Frei Be i i E Practice on Utilization о 
Positive (Peres а ring, "The Effect of Practice on Ut i à 
ige and e тшк in Concept Identification. Canadian Journal 
Өн (15), 101-6. 


Neis | en Р 
€isser and Weene, “Hierarchies in Concept Attainmen 
he Child. (1 ranslated by 


65.89 


f Information from 
of Psychology, 


Ж ia уз Margarate Cook.) New 
Yor: Piaget, The Construction of Reality in t MEE 
? Basic Books, 1954. 
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use words such as Mama, milk, apple, drink, and eat before they use property 
adjectives or adverbs such as white, round, quickly or red or superordinate 
noun and verb concepts such as person, fruit, or consume. Furthermore, 
concepts that have to do with concrete objects, actions, or the properties of 
concrete objects or actions tend to be acquired before more abstract con- 
cepts, which are not so closely linked to observable referents. There are 
many apparent exceptions to the notion that concepts more directly linked 
to concrete referents are acquired before more abstract concepts. For ex- 
ample, the words good and bad are used with reasonable propriety at an 
early age, although children's concepts of morality undergo many changes 
with age. E 

This rasies the methodological point that conceptual development is very 
inadequately assessed by an inventory of the words in a child's vocabulary. 
When a child “overgeneralizes” the use of à word such as by calling all men 
"Dada," it does not necessarily indicate an overgeneralized concept. It 
might be that the child has developed a reasonably appropriate concept of 
"Daddy," but without any other name to attach to another man, he or she 
chooses to use the most appropriate word in his present vocabulary. The 
sight of a man may activate the concept "Daddy" more than it activates any 
other concept to which the child has learned a name and therefore the 
verbalization “Daddy.” Young children, especially preverbal ones, have 
presumably learned many concepts for which they have not yet learned any 
reasonably appropriate word. 

One thing we know for sure is that a child often does not have exactly the 
same meaning for words that an adult has. Hence, it is dangerous to use 
adult standards for classifying words concerning concreteness, abstract 
ness, or other properties of the concepts represented by a word. A wor 
that represents a very abstract concept for an adult may represent a much 
more concrete concept for a child. Only extensive testing of a child's use 
and comprehension of concepts can establish what concepts have been 
formed at any age. Nevertheless, it is possible to make a few very tentative 
statements concerning conceptual development that are relevant to the 
theory of concept representation. 

First, whatever is meant by the statement that children's concepts 27€ 
more concrete than adult concepts, it is not that children’s concepts include 
only those adult concepts with the narrowest range of referential genera" 
ity. That is, children do not acquire the concept of Jonathan apple before 
they acquire the concept apple, although children do usually acquire the 
concept apple before they acquire the concept fruit. From the viewpoint ? 
referential generality, children appear often to enter conceptual hierar 
chies somewhere in the middle. Rosch speculates that the concepts learnt 
first by a child (basic concepts) are the most general concepts that car be 
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characterized by a single prototype.?? According to this hypothesis, apple is 
à basic concept that is learned early by a child because apples are charac- 
terized by a single prototype but superordinates of apples such as fruit are 
not. The concept apple may be learned prior to Jonathan apple precisely 
because apple has greater referential generality (and therefore comes up 
more frequently), though both may be characterizable by prototypes. 
This is a plausible hypothesis, that is largely consistent with the 
hypothesis that the concepts first learned by the child tend to be those 
concepts that are more frequently used by adults in their interaction with 
children. If adults tend to talk more about apples and to discuss fruits and 
Jonathan apples less frequently, there would be selective environmental 
pressure for a child to learn the concepts most frequently used by adults in 
communication with the child. Such environmental explanations leave un- 
adults prefer to communicate in terms of 
Such basic concepts. Rosch's hypothesis provides an attractive explanation 


both for this adult use of basic concepts in communicating with children 
a child to learn first the basic concepts which 


answered the question of why 


and for why it is functional for 
are intermediate in referential generality. 

Second, whatever is meant by the statement that children learn concrete 
Concepts before they learn more abstract concepts, it is not that children 
learn the sensory attribute constituents of a concept before they learn any 
Propositions in which the concept plays a part. As Piaget and many other 
Cognitive development psychologists have emphasized, children tend early 
to learn the functions of objects in their environment and the actions that 
are relevant to those objects. A chair is something to sit on, à ball is some- 
thing to throw, juice is something to drink, etc. It may be that these func- 
tional meanings of words are somehow encoded as sensory constituents of 
the concept, but it seems unlikely. What seems more plausible is that chil- 
rming many propositions that embody concepts 


dren at - 
at an early age are fo : 
des for a child is already determined as 


and tha i t 

at the meaning of a concep с авас усе» i 
Much by the learned higher-level propositions in which it is included as by 
€arned connections to lower-level attribute constituents. Another reason 


for placing emphasis upon the propositional level of meaning at an early 


Stage of iti is that words standing for property con- 
c ; velopment 1s tha ] 
Шс шн, acquired substantially later than 


Сер suc r to be 
5 such as color and shape appea - | 5 
Object and action concepts, which in some logical systems are composed of 


TOpe 3 
р Operty constituents.?* 


E al-World Objects: Origins and Representations in Cogni- 
tion,” in S. Ehrlich and E. Tulving (eds.). Bulletin de Psychologie (in press re ted S26) 

Di “S: Ervin-Tripp, “Some Strategies for the First Two уы. ч ко pe суш» 
Prelopnoyt and the Acquisition of Language. New York: Academi ss, 1973, 
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THE ACQUISITION OF SYNTAX 


There are a number of observations concerning the acquisition of syntax 
in children, but no reasonable theories and few theorctical principles in 
which we can have much confidence. Accordingly, here we will only make a 
general observation regarding the role of experience in this acquisition. 

Some of the radical nativist followers of Noam Chomsky have asserted 
that the knowledge of snytax must be largely determined genetically, be- 
cause the sentences that children hear are so incredibly complex it was 
alleged to be impossible for syntactic rules to be learned. Virtually all syn- 
tactic knowledge was thought to be built in, in the form of predispositions 
to learn certain rules and not others. It turns out, however, that the lan- 
guage spoken to children is considerably simpler than the language spoken 
to adults.?? The language that mothers speak to children (called 
"motherese" by Newport) is under careful study by a number of develop- 
mental psycholinguists. More generally, adaptation by the speaker to the 
linguistic competence of the listener is a ubiquitous phenomenon of ling 
uistic communication. Shatz and Gelman have shown that even four-year" 
olds adjust their speech to the age of the listener, using shorter and simpler 
utterances to à two-year-old than to an adult, irrespective of whether the 
four-year-old speaker has any younger siblings.?5 Я 

It is not clear whether the simpler speech heard by younger children m 
any way facilitates the learning of syntactic rules, but most of the evidence 
on this matter has so far been largely negative.?? Shorter and simpler 
linguistic utterences serve the function of eliciting more accurate 1m- 
mediate understanding, and this itself would constitute a sufficient reason 
for speaker adaptation to the linguistic capacities of the listener. However 
itis still a very attractive hypothesis that the simple linguistic environment 
of young children plays an important facilitating role in the learning ° 
linguistic rules. 

The language spoken to children must not be too simple, both for OP” 
timum immediate communication and for long-term linguistic develop- 
ment. Shipley, Smith, and Gleitman found that children capable of two Qr 
more word utterances responded appropriately more often when given a 


ЗВ. Brown and U. Bellugi, “Three Processes in the Child's isiti 3 ax." Harvard 
+ я x , 5505 hild's Acquisition of Syntax. м 
Educational Review, 1964 (34), 133-51. C. E. Snow, "Mother's Speech to Children Learning 
Language. et Development, 1972 (43), 549-65. E. Moerk, “Changes in Verbal Child-Moth? 
Interactions with Increasing Language Skills of the Child." ‘ournal oj inguistic Reset» 

т z 5 ^ . al of Psycholinguistic KOS 
1974 (3), 101-16. C. Fraser and N. Roberts, "Mother's pe to geh of Four Dif ren 
Ages. Journal of Psycholinguistic Research, 1975 (4), 9-16. E. Newport, “Motherese: The Specc” 
of Mothers to Young Children,” in N. J. Castellan, D. B. Pisoni, and G. R. Potts (ed.), Cognit 
Theory, Vol. 2. Hillsdale, N. J.: Lawrence Erlbaum Associates, 1976, 

88M. ae and Portum. Tiie Development of Communication Skills: Modifications їп ps 
Speech of Young Children as a Function of Listener." M. h в Sde Resear 
Child Development, 1973 (38). 1-38. PES E ERAS QUID Fl 
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Pi ve ina тоте complex adult form (for example, "Throw me the ball") 
an in the child's own simpler telegraphic speech (“Throw ball").?* One also 
ra that extensive use of baby talk or other oversimplified speech in 
g to young children can retard speech development. 

, There is some experimental evidence supporting the role of experience 
in syntactic development. Cazden randomly assigned children in a day care 
merid B different groups and found that children given a greater expos- 
id a nis pus interaction with adults achieved greater gains in syntactic 
= perenge over a 12-week period than the control group. Furthermore, 
lind үре of linguistic experience produced greater gains than another 
endis, 7 though the two were equated for the absolute number of 

es.?? Thus, experience does make a difference, but which charac- 


teristic r E " x а 
istics of that experience are important 15 still unclear. 


SUMMARY 


ntences is primarily of the meaning of the 
articular words or grammatical structures 
h it is possible to remember 


1, Long-term memory for se 
sentence and not of the p 
used to convey the meaning, althougt 
lexical and syntactic information. 

2. The most basic unit of coding in semantic memory is the concept. A 
Single concept node generally can be activated by many different 
words and phrases. A concrete concept can generally be activated by 
many different sets of cues associated with its referent(s), and these 
sets need not have any common physical attributes. 

3. The specific node representation system can be extended to encode a 

conceptual compound (for example, a predicate or a context) and 

even an entire proposition (fact) by means of a single node linked by 
vertical associations to its constituents. 

Semantic memory for a set of related propositions is encoded by 

Means of the same network of overlapping propositions regardless of 

whether the propositions are presented in the same or different sen- 

tences. Human beings attempt to achieve semantic integration, which 
is the same network representation for propositions involving com- 
mon concepts, regardless of when and how the various propositions 


are presented. 
Answering questions requires 
question, for example, by iden 


recognition of the components of the 
tifying these components with existing 


ELI Don г 
"E. F, Shipley, C. S. Smith, and L. R. Gleitman, *A Study in the Acquisition of Language: 


Free g 
е Responses to Commands,” Language, 1969 (45), 322-42. 
7. Cazden, "Environmental Assistance 10 the Child's Acquisition of Grammar." Unpub- 


E 
C 
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shed doctoral dissertation, Graduate School of Education, Harvard University, 1965. 
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10. 


11. 


1x. 


Semantic Memory 


nodes in semantic memory. A yes-no question asks whether there is a 
network of nodes in semantic memory that matches the input state- 
ment. A wh-question (who, what, when, where) asks you to fill i a 
missing constituent by association to the recognized set of nodes rep- 
resenting the information in the question. 

Acquisition of new propositions in semantic memory ea at 
recognizing the familiar portions of the input sentence (familia a 
cepts, phrases, and propositions) and, second, forming new ver tical 
associations and chunk nodes linking these familiar nodes in new 
ways. 


Most of the questions we can answer are not based on retrieval of : 
single proposition that is equivalent to the proposition partially 7А 
completely contained in the question, but require deductions on 
single stored proposition or from two or more propositions stored ! 
semantic memory. | E 
The meaning of a concept is as much determined by vertically upwar d 
associations into higher-level propositional nodes (which relate a p 
cept to other concepts) as by vertically downward associations to 861% 
of lower-level constituent attributes. 


A prototype is a set of attributes defining an ideal example of a с 
crete concept. Real examples differ from the prototype by en 
additional irrelevant attributes, and also, often, by minor deletions 
modifications of relevant attributes. 


There are two basic methods of concept learning: observation к 
many examples and nonexamples (induction of a prototype ) s 
inference from a small number of examples and nonexamples ( 
duction using rules of inference stored in semantic memory). duni: 
Basic concepts are the most inclusive concepts (highest level of re ў 
rential generality) that are characterized by a single prototype. The: 
are the ones that children tend to learn first. p 
The role of experience and learning in the development of sum 
competence is still unclear. However, speakers adjust the cope 
of their utterances to the linguistic competence of the listener. ily 
shorter and simpler utterances spoken to young children may or 


as x : лой: раге the 
facilitate immediate communication, but they may also facilitate 
acquisition of syntactic rules. 


ЇЇ Nonverbal Memory: 


Sensory Motor Skills 
and Imagery 


OBJECTIVES 


1. 


То point out that there is no special part of the brain where memories 
are stored. Rather memory is distributed throughout the perceptual, 
motor, and cognitive modalities of the brain. 

idence from brain-damaged humans that 


Го describe briefly the ev 
d nonverbal 


Supports a fundamental distinction between verbal an 
coding in the mind. 

To point out that the highest-level verbal and nonverbal modalities 
are specialized not for particular sensory or motor modalities, but for 
representing types of material (language. forms, spatial relations, 
music, etc.) that are largely independent of the modality of sensory 
Input or motor output. 
that modality (images of the form of 
and the where modality (representa- 
d movement operations on loca- 


To distinguish between the u 
objects and operations on images) 
tives of the locations of objects an 
tons). 

To describe some properties of the abstract spatial modality with re- 
Spect to the representation of position and movement in motor mem- 
ory and visual, tactile, and kinesthetic sensory memory. 

To discuss changes in the spatial modality, focussing on sensory- 
Motor learning in adaptation to visual rearrangement in humans 
(produced by distorting spectacles) and visual-motor development in 


young animals. 

To discuss some properties of th 

consti б 
Onstituent structure of images. ( 


e imagery modality, including (1) the 
2) the nature of a simple image and 


a synthesis of a complex image by successive imaging of its parts, (3) 
m relation between image size and image adequacy (clarity), and (4) 
€ interaction between the imagery and verbal modalities. 


T А ы 
9 describe the phenomenon of eidetic imagery. 


285 


286 Nonverbal Memory: Sensory Motor Skills and Imagery 
9. To distinguish betw 


D HS "at anning 
een nondestructive image oper ations (sc 
and zooming), w 


hich add to an image without actively dest T 

previously established image components, and destructive o d 
erations (deletion, rotation, reflection, translation, шаш d 
minification, Squashing, Stretching, and tearing), which actively 
hibit or negate some or all previous image components. e 

10. To describe mental rotation of images, including evidence that. scis 
angle rotations are composed of smaller-step rotations, that im 


: Р У : " orms, 
rotation speed is faster for two- than for three-dimensional fi 
and that image rotation is a destructive Operation. 


As its name Suggests, nonverbal memory is a concept defined ыс, 
by excluding verbal memory. It is not clear what all the examples x bil 
have in common beyond the presumed lack of a en 

- After an introductory discussion of me 


with the ге 
movement and the other w 


image memory is divided j 
ages) and a section on ima 


; : "estan 
ith sensory-motor learning. The discussi 
nto a section on im 


8€ Operations. 


MEMORY MODALITIES 


Distributed Memory 


The lesion method of identifying the function of a part of the brain 1s S 
observe the deficits that result from destruction of that part. This man 
achieved considerable success in gross identification of the psychologic 5 
functions of different Parts of the brain. Lesions in certain areas pu 
visual deficits, in other areas, auditory deficits, or somatosensory deficits, 
or motor deficits, and 50 on. 3 ^ he 
me psychologists to suppose that one might n o 
erned with memory by cutting out different parts Ev 
it to see which lesion Produced loss of memory. With one exception, the ; 
efforts proved a complete failure. To be sure there are areas which, ynan 
ce memory losses, but these losses are PI ngs d 
us perceptual, motor, and/or EE ird Tee 
y Lashley and others, it appears fairly certain tha 


cog- 
is no abstract memory modality separate from perceptual, motor, and cog 
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nitive representation.! Memory is distributed through the central mo- 
dalities of the brain, and (with one exception) it does not appear to be 
possible anatomically to separate memory from other cognitive functions. 
The one exception demonstrated by Milner and others, is that lesions of 
the mesial temporal and hippocampal areas of the human brain produce a 
relatively pure form of memory disorder independent of any perceptual, 
However, this disorder is not such as to 
Suggest that the mesial temporal and hippocampal area is the storage area 
for memories in human beings. The memories that existed in patients 
before such a lesion are almost completely preserved, but the capacity to 
acquire new long-term cognitive memory traces is substantially diminished. 
The mesial temporal and hippocampal region appears to play a critical role 
in the formation of new long-term cognitive memory traces, but these 
traces are not stored in that area; rather, they appear to be stored in the 
Same areas of the brain that are concerned with perceptual, motor, and 
Cognitive functioning. 
Questions regarding the m 
to questions regarding the mo 


Motor, or cognitive disability. 


nodalities of memory are essentially equivalent 
dalities of all other aspects of cognitive func- 
tioning. However, in discussing different modalities of representation it is 
important to remember that in addition to the memory traces formed 


Within any given modality, there must clearly be associations between mo- 
dalities. There has been litde investigation of such cross-modality associa- 
tions compared to within-modality associations. Nevertheless, it is logically 
important to remember that partitioning the brain into N representation 
modalities potentially partitions the brain into as many as N? memory mo- 


dalities representing all the ordered pairs of representation modalities. 
8, 


Verbal and Nonverbal Memory 

1 of the cerebral cortex into left and right hemi- 
alleled by a significant psychological difference, 
at least for right-handed individuals (for left handers the functional dif- 
ferentiation o£ the hemispheres is still unclear). For virtually all right hand- 
ers the left hemisphere i5 specialized for verbal language, whereas the right 
hemisphere is specialized for nonverbal material such as images of complex 
geometric forms, memory for faces, chess, music, and the like. These con- 
clusions derive primarily from two lines of evidence. First, as Milner and 
others have shown: lesions in the left hemisphere interfere primarily with 


The anatomical divisior 
Spheres appears to be par 


-, Mechanisms and Intelligence. Chicago: University of Chic: 
1K, S. Lashley, Brat Mechanis а go: University of Chicago Press, 
S. Laser E. Wiley. Studies of Cerebral Function in Learning: IX. Маз yu us 


K. S. Lashley an y 

Relation to the scale pf Elements in the Problem to Be Learned.” Journal of Comparative 
Neurology, 1937 (57), 22: 5 

1 Д “ ia Following Operation on the T "i 

2 mer Ame he Temporal Lobes,” in C. W — 

о. В Е (eds), Amnesia. London: Butterworths, 1966, pp. 109.33. W. M. Whitty and 
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verbal perce 
fere with n 


Because virtually all of the sen 
visual field and 


investigations show 
speaking or writing 
The right hemisph 
words of v. 


) any verbal or n 
ere is unable to s 
isually presented w 


eft hemisphe 


her spoken or written. Both hemispher е го- 
, but the right hemisphere is superior ae 
equences of images, jigsaw puzzles, an ver- 
hat Purpose is served by localizing verbal and Te atii 
parate hemispheres, Presumably there are AK Gea 
igher-level organization of verbal concepts and nes 
facilitated by localization in separate hemispheres. 
Sensory Modalities 


Many people, includin 


› 8 cognitive 
dalities of the mind w. 


‚г [o 
psychologists, often talk as if the m 
ere to be ident 


ified with modalities of sensory inp 
or motor output, Witness reference to the "visual modality" or the een 
tory modality.” It iş important to point out that, for human beings, moda } у 
distinctions at the highest level of representation are based товат ee 
differences in the types of material represented and processed and dal 
rather independent of the modality of input or output. Complex vet = 
input—whether the input is auditory, visual, or tactual and whether es 
output is by means of Speech, Writing, or palpation—is processed primarily 


à à DE PIER ЖШН э 
in the left hemisphere, Analogously, whether form information is pr 
Ibid. - 
*R. W. Sperry, “Hemisphere Deconnection and Unity in Conscious Awareness.” American 
Psychologist, 1968 (23), 723.33, үү S. Gazzaniga, The Bisected Brain. Englewood Cliffs, N. J.: 
Prentice-Hall, 1970. 
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sented by means of visual, auditory, or tactual input and whatever output 
mode is used, complex forms are ‘processed primarily by the right hemi- 
Sphere. The distinction between these two cognitive modalities has very 
little to do with the mode of sensory input, and it is incorrect to identify the 
left hemisphere as the auditory modality and the right hemisphere as the 
visual modality, even though there may be some correlation in this regard. 

However, at lower levels there is clearly separate representation of the 
various modalities of sensory input and motor output. To the extent that 
the lower levels possess modifiable connections (have memory), there is 
Some reality to the commonly held distinctions between visual and auditory 
memory, 


Imagery and Spatial Coding 

forgetting where we put something. 
are well remembered, but its location 
ause the form and the location 
as is intuitively clear to 


We have all had the experience of 
The form properties of the lost object 
in the world has been forgotten. This is becau 
of objects are dissociable types of information, 


anyone once it is pointed out. Бу E р 
There may also be somewhat separate representations in the brain for 


forms (images) and spatial locations (including movements). As Fred Att- 
Neave puts it, there may be separate what (image) and where (spatial) sys- 
tems. Attneave also observes that the what and where systems must have a 
close degree of interconnection, since We are capable of perceiving specific 
Objects in specific locations.® Furthermore, the what system for form (im- 
ages) must include at least the relative locations of the points, lines, and 
Other constituents of a form in relation to each other. However, it seems 
reasonable to consider this local relative positional information (for image 
representation) to be distinct from the larger-scale information concerning 
the position and movement of objects in three diensignal space (for spa- 
tial representation) The spatial system appears to have subcortical and 
bilateral cortical representation (representation in both hemispheres), with 
the right hemisphere represenung oie bod left visual field and the 
left hemisphere location 1n the right visual field. By contrast there is con- 
Siderable evidence that the image modality is located predominantly or 
exclusively in the right hemisphere for virtually all right handers and many 


left handers. 


T i C. Trevarthen, and R. Held, "Locati à 29.5 

5 ~ G Schneider, : ж ; » “Locating and Identifying: Tw. 

М D UN Processing: A symposium. Pschologisches Forschung, 1967-1968 CON n 
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SPATIAL POSITION AND MOVEMENT 


ement. Knowledge of esser oe 
art of the body or in contact а. 
€roceptors, such as vision and f objects 
movement of bodily parts ого dei 
ved from visual, auditory, tactile, 


Information rega 
in contact with t 
kinesthetic Sensory systems, an- also bé 
Much infor g the position of body parts can о 
presentatives (motor outflow) that bai 
bsence of any sensory fee ;eight 
5 а constant load (constant W 


Уге the 
s 7А 5 refore 
of its position (and ther fives 


ough one modality ( 
by a 
ent 
rent 


ial 
Processing task requiring the use of P 
modality (vision).? The integration of ЗР bnt 
Sensory and motor modalities and the fac nm 
0 be Specific to the type of information, бае Уз 
Ог modality from which it was obtained) argue t 
common cognitive representation of position and movement indepen а 
of the input mode, Nevertheless, most studies have concentrated on а 
particular sensory ог motor modality, and this provides a convenient or 
ganization. 


ion Cues i - Short- 
7G. J. Laabs, “Retention Characteristics of Different REO CUN Cues in Motor Sho 
Term Memory." Journal of Experimental Psychology, 1973 (100), у 
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Visual Position and Movement 


e studied memory for the position of 
ophysical method of delayed com- 
n of the standard successive com- 
In delayed comparison, a subject 


, Kinchla and his colleagues hav 
visual dots. Kinchla employed the psych 
Parison, which is a simple generalizatior 
Parison procedure used in psychophysics. 
is first presented with a standard stimulus followed, after a variable delay, by 
the comparison stimulus. The subject is to judge the relation between the 
Standard and comparison stimuli (in all respects or in one or more re- 
Spects). The subject may be asked to make a same-different judgment, where 
Sameness might be with respect to all dimensions or only a single dimension 
(such as vertical position). The subject might be asked to make a directional 
Judgment concerning whether the comparison stimulus was higher or lower, 
Breater or lesser, larger or smaller, to the right or the left, louder or softer, 
More or less intense, etc., than the standard stimulus. ; н 
In delayed comparison of dot position, Kinchla distinguished between 
nowledge of absolute position, which is the position of a dot within some 
unchanging frame of reference, and relative position, which is the position of 
а dot in relation to some other dot, object, or movable frame of reference." 
In the encoding of spatial position, it is clear that we encode the position of 
an object in relation to one or more frames of reference. If these frames 


move with respect to one another, We can to some extent make separate 
j P bered position of an object with respect 


Judgment ing the remem 
s concernin the re Te 
to each frame Waederfnore, we can remember a number of different 

different times. It is not known whether this 


locat; А 
ations for the same object at А У : 
as А tually specific associations between objects 


€ncoding Пу or contex 
mpora í i i 
g of temp y n the spatial modality or involves associa- 


and locati trictl withi 
ations occurs strict y ë DE n^ 
tions between the spatial and the verbal propositional modality. 


Tactile Position 
have studied memory for the position of stimulation 


T4 igators 
me ale the arm A E pe py there are some 
methodological problems, by nec "end $ m Po demonstrate that 
memory for tactile position 1s re ative Pr" ected by performance ofa 
verbal task during the retention interval. course the retention of verbal 


*A Theory of Visual Mov P ion." 

: CIS . Allan, "A о у ement Perception." Psychol 
© ‘R. A. Kinchla 8937.58, R. А. Kinchla, Visual Movement Perception: A ple or 
APA 19890 Relative Movement Discrimination.” Perception and Psychophysics, 1971 (9) 

solute a Í à 
165-71. P. K. Mansfield 1 

Е , Crane, Р. К. Manstield, anc J. T. Townsend, “Information Avai ei 

x Te: Bilis presentations” Ped and оныц 1966 (1) 273-83. Е. О. edm As 

rief Tac k ile Short-Term emory.” Quarterly Journal of E: i у ) 
D. Baddeley: To Sullivan and M. T. Turvey, [ei iui Qmm inen vk itd 1969 
(21) Lm of Experimental Psychology, 1972 (24), 253-61. D. L. S uS. шшш 
Quarterly 0 от, "Modality-Specific Short-T soar Gian ina MID 
oe d Ee 153 (1:714, erm Storage for Pressure." Bulletin of the 
Psychonomit ч 
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ES ion- 
А SRE З ; xxv ormatiot 
information is adversely affected by performing verbal inf 
processing tasks during the retention interval. ear to be 
- . > B В = б € € 
Some degree of verbal encoding of tactile stimuli would app 


> nie “near the elbow: 
possible by means of phrases such as "near the wrist" and "near th 
However, delayed-c 


points for the stand 
ences between the 


А Бе 
; there might 
n from verbal memory. One presumes there ges the 
about five to seven discriminately different verbal categories into W 
tactile stimuli could be cate 


А е 
: : ; j hav 
with large numbers of standard stimuli ha 


. . 1 ks me 
rom verba] information-processing tas tile 
val. Interferin 


a 


ted out, the objects “feels” as if it were at 
here the stick touches the hand. Try 
ke a stick (a pencil or ruler will do): 

Gilson and Badd € Short-Term Memory.” Sullivan and Turvey, “Short PO 
perenne соста » and Proctor, “Modality-Specific Short-Term Storage." E. 
Sullivan and M. T. T 


urvey, “On the Short-Term Retention of Serial, Tactile Stimuli.” Memory 
and Cognition, 1974, (2) 600-606. 


eley, “Tactil 
n, Bernstein 
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close your eyes, and open a drawer with several hard objects in it. Use your 
Stick to feel around and identify the objects and their locations within the 
drawer, then visually check how accurate you were. Did the tactile experi- 
ence feel as if it was taking place on your hand or out in space at the end of 
the stick? It should be noted that kinesthetic and motor information gained 
from tracing the object may also play a role in identification, but this only 
makes the present argument even more general. The spatial and image 
modalities are abstract and cognitive, not tied to particular sensory or 
motor modalities. It is a model of the real world, not a model of the pattern 


of sensation on the eye or skin. 


Kinesthetic and Motor Memory 


The most extensive investigations of memory for position and movement 
have been those concerned with short-term memory for one-dimensional 
Motor responses. A typical example ofa one-dimensional motor memory 
task consists of having a subject move a lever from one position to another 


and then asking him or her to repeat that movement on another occasion. 
nds memory for terminal position with 


Performance in this task confounds ! 1 I 
memory for the extent of the movement, if the subject begins from the same 


starting position in the recall or recognition memory test. Posner, Keele, 
and their students have devised experimental designs to test memory sepa- 
rately for each. For instance, by changing the starting position from the 
Original to the test movement, one can instruct subjects to reproduce either 
the same extent of movement or the same terminal position. Subjects are 
able to perform with a fair degree of accuracy on both tasks, which indi- 
Cates that terminal position and the extent of movement are both encoded 


and remembered. 


Memory for position and memory for movement have been studied 


under conditions where subjects were able to view their hand while per- 
forming the movement rather than performing the movements blind. Ac- 
Curate performance is possible in both conditions, but the combination of 
visual with kinesthetic and motor memory produces superior performance 
to kinesthetic and motor memory alone." 

Recognition tests have occasionally been used to assess motor and 
kinesthetic memory. In a recognition test à subject moves a lever until 
€ncountering a stop, then judges whether this movement was terminated at 
the same position or after the same extent of movement as the original 


uM. I. Posner and A. F. Konick, "Short-Term Retention of Visual and Kinesthetic Informa- 
tion." Organizational Behavior and Human Performance, 1966 (1), 71-86. M. I. Posner, "Charac- 
teristics of Visual and Kinesthetic Memory Codes." Journal of Experimental Psychology, 1967 
(75), 103-7. S. W. Keele and J. G. Ells, "Memory Characteristics of Kinesthetic Information.” 
Journal of Motor Behavior, 1972 (4), 127-34- ў 
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туа 
nts or exerting forces during a retention i 
term memory for a movement or force, as weis that 
tant error or variability or both.!? Laabs foun nse 
ted movements to increase respo 


s y for 
for movement and not in menon ж 
nts produced assimilative eget in 
alled movement or position chang 

Ovement or роѕіцоп.!“ only 
Posner and Konick, another d: 
mory for position and memory for ee 
Pectibility of the former to verbal inte! 


: an 
э » Classifying digit pairs as high or low а 

‚ or counting back 
during the reten 


T z me 
backward counti nd perhaps the others) appears to involve i Е 
type of spatial as well as y ou can demonstrate th 


as you recite га 


poem, song, or prose Passage. Try it, B 


12B, H, Kantowitz, “Modality Effects in Reco: 
Experimental Psychology, 1974 (103) 


‚ 522-99, 
"К. L. Pepper and L. M. Her 


man, "Deca Tference Е " t Term 
a ffects in the Shor 
Act. Journal of Experim, 7 S lement, 
1970 (83), 1-18. J. L. Craft and J. 'V. Hinrichs, "Shorr ology Monograph Supp 
Responses: Similarity of Prior and Succeedi ete: 


1971 (3), 297-302. B. Н. Kantowitz, "I Journal of Experimental oe 
lated Task Difficulty, Similari otor Memory: In 


5), 
E “ l Psy 1972 (95) 
264-74. E. A. Roy and W. G. Davenport, ‹ ort Term, 5108), Е 
ference Effect of Interpolated Activity. Journal of 2 ; Psychology jus do 154-37. 
14G. J. Laabs. The Effect of Interpolated Motor the dare eno 
Movement Distance and End-Location. Journal of Motor Behavior, 1974 (6), 279-988. 
Rosner and Konick, "Short: ы ы Poset 
“Метогу Characteristics” ort-Term Retention.” Pos 


gnition Short-Term Motor Memory.” Journal of 


'^Laabs, “Retention Characteristics." 
"Characteristics." Keele and Ells, 
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threes interferes substantially with writing your name, and this appears to 
be true even after one attains a high level of skill in the backward counting 
task. Counting backwards with three-digit numbers appears to involve a 
certain degree of place keeping for digits in the tens and hundreds posi- 
tons while the digit in the unit position is being decremented, and such 
place keeping subjectively appears to involve a spatial code. Furthermore, 
although spatial position concepts appear to be involved in the backward 
Counting task, no spatial movement concept appears to be involved. This 
May explain why such tasks interfere with position information and not 


Wi H N 
ith movement information. 


А Laabs has shown that interpolating 
retention interval interferes with memory for both location and movement 


_ Information. Spatial relations tests appear to involve both positional and 
Movement concepts, since judging the identity (or some other relation) of 
two complex objects often requires mental translation and rotation opera- 
tions. Thus, when the interference task contains both positional and 
Movement concepts, there is interference with memory for both. Since 
Laabs used blind lever-positioning movements and the spatial relations test 
Was visual rather than kinesthetic-motor, the experiment also demonstrates 
the abstract cognitive character of spatial memory, independent of mo- 


a spatial relations test during the 


dality of input.'6 Ж : 
There is little doubt that visual input 15 1n some sense the most precise 
nitive spatial modality, but a variety 


and dominant form of input to the cognitive t 
9f other sensory and motor channels contribute as well. High-level cogni- 


tive modalities are not specific to the mode of input, but to the type of 


information represented. 


SENSORY-MOTOR LEARNING 

Adaptation to Lateral Visual Displacement 

Over a century аво Helmholtz began a line of investigation that Мея 
actively studied, concerning the adaptability of human beings um EE 
of the visual world. The most commonly studied form of visual rearrange- 
ment has been a simple lateral displacement of the visual field, say ten 
degrees, tat en be produced by special prismatic spectacles. Once one 
риз шга species ones TRE visually guided movements are inap- 
propriate, since waai appears to be straight ahead is actually ten degrees to 
the left for prism spectacles that displace the visual field ten degrees to the 
right. After * relatively SUE time, on the order of minutes or tens of 
minutes of active, visually guided movement, one adapts to such lateral 


16] aabs “Retention Characteristics.” 
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: -omot- 
n я OM led locon 
displacement and now makes relatively accurate visually guic 

Огу or reaching movements.!7 


Adaptation to Other Distortions © 
rota- 
Successful sensory-motor adaptation can also be demonstrated ы ие 
Чоп (tilt) of the visual field, up-down inversion, right-left RE m 
nification, minification of objects in the visual field, and split-fie d o the 
spectacles, where the upper half of the visual field might be displacec have 
left and the lower half of the field unchanged, such that straight nats 
a displacement at the horizontal boundary between the top and the par 
half of the field. Subjects wearing such split-field prisms learn ei мот 
automatic e boundary between the top and the » Sn 
half of the field to follow straight edges that cross the boundary. TE 
eir reaching and locomotory movements дер hd 
direction of gaze is through the top or bottom © 


cize- 
7 : ў Р › $, 517 

à lon to displacements, inversions, reversal icity in 
change, and split-field Prisms indicates a substantial degree of plasu 

adult sensory-motor Соогаіпацоп 18 


ot | this rela- 
rris, is that what has changed in this TE 
€ various parts of the body, including 


"reati; C. 
'*H. von Helmholtz, Treatise on Physiolo, ical Opti " ited by J.P 
Southall. New York: Dover, 1962, c M. Son 508. uat asd sida Retinal 
Image.” Psychological Review, 1897 (4), 341-60, 463-81. See review Gas HE "Perceproy 
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‘SH. Mikaelian and R. Held, A + т ed visua 
Field.” American Journal of Psychology, 1964 (3) А $5. S Mo a ee dene een to à 
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Experimental Psychology, 1966 (72), 629-34 ptation." W. Epstein anc - | 
L. Morgan-Paap. “The Effect of Level sing and De, DN of Informationa 
Discrepancy on Adaptation to Uniocular Image Мавпібсацоп. Journal of Experimental Psychol 
ogy, 1974 (102), 585-94. I. Rock, The Nature of Perceptual Adaptation, New York: Basic Books, 
Inc., 1966. I. Kohler, “The Information and Transformation of the Perceptual World- 
Psychological Issues, 1964 (3), Monograph 12. H. I Pick, Jr., J. G. Hay and R. MARI "Adap- 
tion to Split-Field Wedge Prism Spectacles, Journal of Experimental Psychology, 1969 (80). 
125-32. 


“Two Types of dapta 


19M. E. Hardt, R. Held, and M. J. Steinbach, 
the Central Control of Sensorimotor Coordin: 
(89), 229-39. 


“Adaptation to Displaced Vision: A Change i" 
ation.” Journal of Experimental Psychology. 19 
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coe head, and eyes, and that there is no change in the representa- 
ual input рег se.?? 
ao appear to assume that | ‘ pa 
ча мацоп there are separate representations of visual positions and 
шш Звеня (felt) positions. We have argued in the preceding section 
ee tis may not be true, and that there may be but one abstract cognitive 
presentation of spatial position and movement at the highest level of the 
К modality. The issue regarding what is learned in adaptation to visual 
onte чле 15 whether there is a change in the mapping of visual input 
tha ms central spatial positional modality; a change in the mapping of 
ctile, kinesthetic, and motor inputs to the spatial modality; or changes in 
Motor output. As we shall see, the answer to this general question appears 
р at different stages of adaptation to repan eR: and under 
ent conditions, there can be changes in the mapping of all of these 
Systems onto the spatial position system. 
| The most commonly chosen way to demonstrate support for Harris's 
Yypothesis of changes in the felt position of parts of the body, such as the 
hand, is to ask the subject to point straight ahead with eyes closed, after a 
period of adaptation to laterally displacing prisms. Since the eyes are 
Closed, such pointing is guided only by kinesthetic and motor cues. If the 
felt position of the hand has shifted, the subject will actually point to the 
Tight or to the left of the true straight ahead. Such changes in pointing are 
Not always obtained under all conditions of visual adaptation, but they are 
Very common, which indicates that under many conditions Harris is correct 
that an important component of visual adaptation is a change in the felt 
Position of certain body parts, notably the arm and hand.* Changes in the 
felt position of the hand typically occur when the subject has adapted to the 
Visual rearrangement primarily by making visually guided movements with 
his hand, with little or no head and body movement. When the subject has 
moved only his right hand during the adaptation period, there will often be 
No change in pointing straight ahead on the part of the left hand.” 

In the present theoretical framework, Harris's change in the felt position 
of the right hand means à change in the mapping from tactile, kinesthetic, 
and motor cues associated with the right arm and hand onto the central 
Spatial system. However under many conditions, especially after longer 
periods of adaptation and where the subject is permitted to make a variety 
of different movements and particularly gross locomotion, the change ap- 
pears to be in the mapping of the visual cues onto the central spatial 


at the highest level of spatial rep- 


“perceptual Adaptation.” 


20Harris, 

2 IL ad al Adaptation." W. B. Templet T 

21Harris, "Perceptua Ка ы ipleton, I. P. Howard and D. A. Wilkins 
“Additivity of Components of Prismatic Adaptation.” Perception and Psychophysics, [er 
249.57. a Кав 


22 Harris; “perceptual Adaptation.” 
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modality.?? There is a ver 
the central spatial mod 
kinesthetic-spatial, or 


inates 
y real sense in which the visual system dein: 
ality, making it easier to change the get а 
spatial-motor mappings than to change of inves- 
mapping.** However, as Helmholtz noted when he began this line y nn 
tigation, a change in the visual-spatial mapping is the most sausta 


A this 
С 2 АЙ к thing of 
compensation for Optical rearrangement, and eventually something 

type appears to occur. 


The mechanism b 


чаш ед Ч А etinal stimu 
System ordinarily used to combine information concerning retina 
tion with kinestheti 


$ г gaze 
c and motor information concerning direction wi on 
(including information concerning the position of the eye in relation oe 
head and the head in relation to the body). Under ordinary eee on 
ationship between stimulation of a particular eee 
articular location in space, as encoded in the pid be 
- The position of visual stimulation on the retina M bd in 
formation conc ce,” as 
of the retinal space onto “real аем по! 
Exactly how this sree eee 
ow this mapping might € 5 one 
ent. In a very general ame te 
hat this type of adaptation ae the 
elation to the head or 2 felt 
t. However, note that this he 
of visual stimulation onto t^ 
5 not a purely ргоргіосер 


recat the 
А: zs A ification of 
y which it occurs is likely to be by modifica ta 


a change in the 


Active and Passive Movement 


; t 
Held and Hein demons self-produced movemen 
greatly facilitates adaptation to vi 


tation to latera] 
this information is logically suffi 


icient to establis 

seen positions and felt position. 
ual rearrangement can appar 
provided subjects are require 
tion of objects or of the visible hand. 

Furthermore, Held, Efstathiou, and Green have demonstrated that there 
must be a high degree of temporal contiguity between the movement ап 

#3]. C. Hay and Н. L. Pick, Jr., “Visual and Proprioceptive Adaptation to Optical Displace- 
ment of the Visual Stimulus.” Journal of Exper inertial Psychology, 1966 (71), 150-58. 

211. Rock and C. S. Harris, “Vision and Touch. Scientific American, 1967 (216), 96-104. 
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the ; ; à : 
resulting visual feedback in order for successful adaptation to occur. 


"e of visual feedback (through complex means) by as little as 0.3 sec- 
5, prevented adaptation to displacement.?? 


Visual-Motor Development 


at is helpful in adaptation to visual rear- 


M self-produced movement th 
angement by adult human beings may be critical for the development of 
in young animals (kittens and 


vi ; А 
Шу guided reaching and locomotion 1 
Onkeys have been studied). In one clever experiment, Held and Hein 


raised Pairs of kittens from two to ten weeks of age in the dark, except for a 
daily three-hour period. During this three-hour period the kittens in each 
Lr were yoked together in an apparatus in such a way that one kitten was 
Тее to move around inside a lighted cylinder while the other was carried 
ede. А about in a gondola. The kittens we 
Hh à) that the visual experiences of the passiv 
lea © that of the actively moving kitten. Desp 

> only the active kitten developed normal, v 


Ment and ability to discriminate depth.?* 

Furthermore, a kitten that moves in light while wearing an opaque collar 
that prevents it from viewing its limbs and body acquires the capacity for 
Visually guided locomotion (avoiding obstacles, etc.) but is not able to visu- 
ally guide its forelimbs to targets.” If the collar is arranged so that only one 


forelimb can be viewed, visually guided reaching is restricted to the limb 


that is viewed.24 


ere linked mechanically in such 
ely moved kitten were identi- 
ite equivalent visual stimula- 
isually guided paw place- 


IMAGER 
Y 
n for a considerable time. How many 


Think about some house you lived i 
? What size and shape are they? How 


wi 2 
"indows does it have? Where are they 


*5R. Held and A. V. Hein, "Adaptation of Disarranged Hand-Eye Coordination Contingent 
Upon Re-Afferent Stimulation.” Perceptual and Motor Skills, 1958 (8), 87-90. H. L. Pick, Jr., and 
‚ C. Hay, “A Pas Test of the Held Re-Afference Hypothesis. Perceptual and Motor Skills, 
1965 (20), 1070-72. G. Singer and R. H. Day, "The Effects of Spatial Judgments on the 
erceptual Aftereffects Resulting from Prismatically Т ransformed Vision." Australian Journal 
nf Psychology, 1966 (18), 63-70. R. Held, A. Efstathiou, and M. Greene, "Adaptation to Dis- 


Placed and Delayed Visual Feedback from the Hand." Journal of Experimental Psychology, 1966 


(72), 887-91. 
%R, Held and A. Hein, “Movement- 


Produced Stimulation in the Development of Visually 
Guided Behavior.” Journal of Comparative and Physiological Psychology, 1963 (56), 872-76. 

"A. Hein and В. Held, “Dissociation of the Visual Placing Response into Elicited and 
Guided Components.” Science, 1967 (158), 390-92. 
Р 28А, Hein and В. M. Diamond, "Locomotory Space as a Prerequisite for Acquiring Visually 
Guided Reaching in Kittens.” Journal of Comparative and Physiological Psychology, 1972 (81) 
394-98. R. Held and J. Bauer, Jr., “Visually Guided Reaching in Infant Monkeys afte is 
stricted Rearing.” Science, 1967 (155), 718-20. after Re- 
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many doors does the house havez W 
windows in them or are they solidz W 
Chances are that you are able to ansy 
and that to answer them 
images and "seeing" 

After long neglect 
surge of interest in m 


ч ; 
here are they? Do the ested ime 
"hat do the door handles loo tions 
ver most, if not all, of these e esl 
your subjective experience is of recalling 

the answer to the questions in those a an up- 
in experimental psychology, there has ats some 
ental imagery during the last decade. E the 
narrow-minded S-R psychologists were at one time reluctant Loire en- 
existence of mental imagery, numerous cognitive psychologists "o of an 
gaged in experimental overkill merely to demonstrate the die аА have 
imagery modality separate from the verbal modality. Today a iced 
perhaps a hundred alleged experimental demonstrations of the mind the 
imagery for every study that purports to say something concern! of the 
properties of imagery. Here we shall concentrate on the properties ¢ uld 
imagery modalit he amount of evidence is limited, it oe 

ions reached here are largely speculau 


A more complex form 
constituents all the li 
hypothesis has bee 


A B D 
Figure 11-1. Figures (b), (c), and (d) are all contained in 


2 (а), but subjects appear to encode 
(a) using constituents such as (b) and (c), but not USING constituents such as (d). 
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ànd a few seconds after removal of (a) presenting a figure like (b), (с), or (d) 
and asking subjects to judge whether (b) was contained in (a). Subjects were 
structed to respond quickly in order to tap what had been directly en- 
coded in the visual image, rather than to decide by a slower, inferential 
Comparison process. Using this technique, subjects made rapid part- 
identification responses, but some simpler forms contained in the image 
Were correctly identified much more frequently than others. For example, 
(b) and (c) were recognized as constituents of (a) almost two-thirds of the 
tme, but (d) was recognized as а constituent of (a) only 10 percent of the 
time. Figure (d) is a closed geometric figure just as (b) and (c) are, and it is 
at least as simple and familiar as (с), if not more 50. Finally, there are other 
Mages in which (d) is recognized as a constituent more rapidly than (c)* 
One can conclude that a complex image such as (a) has a definite con- 
Sttuent structure that does not include all possible features and combina- 
tions of features equally, as a simple photograph theory of image represen- 
tation might suggest. Rather the constituent structure of an image is selec- 
tive, and the components selected depend in an as yet undetermined way 
Upon the context in which they appear. That is, there is no simple rank 
ordering of image constituents such that a constituent higher on the rank 
Ordering is more likely to be perceived in any complex image context than a 


const; р Е 
Onstituent lower in the ordering. 


Image Complexity 

Images are more complex the more constituents they contain. Is the 
Vividness of a visual image independent of visual complexity—that is, can 
We imagine all the constituents of a complex image as adequately as we can 
the constituents of a similar image? We might guess that when an image 
becomes sufficiently complex its parts cannot all be simultaneously acti- 
vated in image memory and must be imaged in rapid succession. Hebb and 
Others have put forward this hypothesis with respect to both acquisition 
and retrieval of complex images- In particular, Hebb suggests that the parts 
ОҒ a complex image аге successively fixated during the initial acquisition 
(perception) of the image. Fixation of a particular part of a figure estab- 
ishes a simple image for that part, and this is glued together with the 
Simple images that result from fixations of other significant parts of the 


figure.3 

There is substantial е 
Ception of a complex pictu 
informationally rich portions © 


vidence to support the proposition that visual per- 
re involves successive eye fixations on different, 
f the picture. People do not stare at the 


29 Ps imitati Jisua "M 
295, K. Reed, "Structural Descriptions and the Limitations of Visual Images." Memory and 


Cognition, 1974 (2) 329-36. 


зор. О. Hebb, "Concerning Imagery" Psychological Review, 1968 (75), 466-77. 
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center of a picture and build 
on a single point.?! In this re 
from acquisition of a visual 
9n a single point is virtuall 
Sociative traces rather than 

Such a conclusion is also 
persist as lon 


up an image from prolonged fixation ед 

gard image acquisition is sharply dus inn 
sensory afterimage, for which a d edly às- 
y essential. Thus, images are undoubt 


ew 
ations, provided study time per fixation is at least a f 
hundred milliseconds 32 as of 

Retrieval also appears to involve a revival of the image by meal 
successive generation of the 


> Hall show 
movements are permitted than 
single point during re 
to obtain such аг 


derably simpler n 

ned. Presumably Be 
dependent of succ 

€ parts.33 

Basic questions yet 
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Inversely with the number of constituent nodes—that is, vividness of imag- 
ery decreases monotonically with increases in the number of constituents. 

_ There are experimental demonstrations supporting the hypothesis that 
Increases in the complexity of the visual image decrease the adequacy of 
the image, as measured by the speed of making decisions regarding image 
Constituents and their properties. Weber has invented a task that appears 
well Suited for evaluating the relationship between image complexity and 
Image adequacy. Subjects hear a word and are required to form a visual 
Image of it. Several seconds later they hear a probe digit such as 3” which 
Signals a subject to decide whether the third letter in the word is tall (b, d, f, 
8)... y) or short (a, c, e, . - - z). Since height is a visual property, we know 
that the subjects must be using image memory to make such a decision 
(though quite conceivably this memory is in the verbal modality, or at least 
n the same hemisphere as the verbal modality). When subjects have a 
relatively long time (four seconds), to construct the visual image, the speed 
of deciding whether a letter is tall or short is largely independent of serial 


Position within both three- and five-letter words. For five-letter words 
regarding the last three letters to be 


there is some tendency for decisions 
Somewhat dower than decisions regarding the first two. Weber and Har- 
nish also performed a useful control of having subjects make the same 
€cisions regarding letters in words that were visually pt esented and avail- 
able at the time of the decision. Figure 11-2 presents their findings.?* Hebb 
hether decisions were based on a 


Carlier proposed that one good test of w : 
Visual image of a word rather than on some verbal representation con- 
Cerned whether the image could be read off backwards as rapidly as 


Orwards.35 The Weber and Harnish results demonstrate that this property 
does indeed hold for visual perception (as Hebb had assumed) and that the 
Same property holds for visual images, provided the image is not too com- 


plex, 
Three-letter words appear to yield a flat reaction-time function across 
ds do not. This suggests that all the con- 


Serial position, but five-letter wor : У 
stituents оба simple image аге activated in parallel and that the maximum 
Size of a simple image may be three or four letters. It is also interesting to 


Note that for three-letter words decisions based on the image were slightly 
faster than decisions based on the percept, but that the reverse held for 
five-letter words. Weber and Harnish suggest that the maximum capacity 
for a simple visual image might be assessed by the maximum length word 
for which the image can be processed as rapidly as the percept. By this 
measure also, the maximum size of a simple image for words would appear 


to be on the order of three or four letters. 


“R. J. Weber and R. Harnish, “Visual Imagery for Words: The Hebb Test." Journal of 


Experimental Psychology, 1974 (102), 409-14. | | 
°D. О. Hebb, A Textbook of Psychology, 2nd ed. Philadelphia: Saunders, 1966. 


304 Nonverbal Memory: Sensory Motor Skills and Imagery 


O— — —O Image 
9— — —9 Percept 


1.50 T Т gi T T 
130 - | 
$10 H 
$ AN 
> zy No .94 
E prodi 
в ор 2 zi 
E: O~ – ое 85 
E 
El 
* 70 4 
2 70 аф. 
£ i On m 167 
E ~~ 
[3 
o 
a 
È 50 L 
.30 


1 2 3 

Probe Position 

Figure 11-2. Response time asa function o; 
(Weber and Harni 


osition- 
f image-percept representation and letter p 

Sh. Copyright 1974 by the 

permission.) 


iid inted 
American Psychological Association. Reprin 


Another criterion for determinin 
using the Weber and Harnish раг 
*garding each 


? е 
B the maximum size of a simple y 
adigm would be the longest wor ber 
which decision times г 1 letter are independent of the spe 
of letters in the word Up to that maximum length. This criterion also р RAE 
an upper bound on the size of a simple image at either three- or К 
words. However, decisions regarding visual properties of a eit ола 
might be made more rapidly than decisions regarding a single letter г Е 
three-letter word. If this result were obtained, it would Suggest that ev 
"simple" images differ in the adequacy of visualization of their compone 
parts. 
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There are of - 1 i iE д 
ere аге of course other factors, such as the increase in difficulty of 


Dite, eden position probe, that might produce differences as a 
Pelota 9 Sane length independent of the vividness of the visual image. 
keane te Neber and Harnish suggest, the effects can best be assessed by 
Perd ui percept control condition, which makes the discrepancy be- 
c ле image condition and the percept condition the best dependent 
eins "M the change in visual image adequacy with increasing image 
TA e However, in the absence of results for one- and two-letter 
might we do not know that the advantage of the image over the percept 
not be substantially greater for one- and two-letter words than for 
three-letter words. The Weber and Harnish results suggest a maximum 
Size fora simple image, but they do not place a lower bound on its size. It is 
Still possible that even a simple image. consisting of simultaneously acti- 
vated constituents, shows a progressive decrease in the adequacy of imag- 
ery with an increase in the number of constituents. 
. Weber and Harnish also studied the generation process for the visual 
image of a word by presenting the probe digit first, followed either by an 
auditory word to be imaged or bya visual word. As shown in Figure 11-3, 
the decision time for the visual percept was still reasonably flat as a function 
Of serial position for both three- and five-letter words, but the time to make 
the letters of the image (generated by the subject from 
the auditory word) tended to increase from left to right, although there was 
à significant reversal between the fourth and fifth position for five-letter 
Words. Thus, generation of the visual image (from an auditory word) for 
both three- and five-letter words is not a simultaneous process, regardless 


of whether the components of the image for three-letter words can be 
ividness. Furthermore, the process of 


Simultaneously maintained at equal v 

Benerating a visual image for a word does not appear to be a strictly left- 

to-right process. We appear to have some flexibility in the order with which 
d, although the Weber and Harnish 


the image components are generated з 
results suggest а fairly strong left-to-right component in generating images 


Of words. It is as if the verbal modality were playing a dominant role in the 
generation of the visual image for words. 

Incidentally, Weber and Castleman, using a completely subjective proce- 
dure, assessed the maximum rate at which subjects can generate images of 
successive letters of the alphabet and compared this to the rate at which 
they can verbally rehearse successive letters of the alphabet. Verbal rehear- 
sal (speech "imagery ) Was faster About six letters per second) than visual 
imagery (about two letters per second). You can perform this experiment 
for yourself. First, ume yourself reciting the alphabet verbally, then time 
yourself while you 8o through the alphabet again, this time imaging each 


à decision regarding 


35 Weber and J. Castleman, "The Time It Takes arine” 
sg. T. 1970 (8), 165-68. akes to Imagine.” Perception and 


Psychophys 
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E е. 
А €tter—about three times as long on the averag 
In studying the role of Я ; 
наре, um asked Subjects to verify whether a particular previously 
memorize drawing of an Object (car, speed boat, plane, rattlesnake: 
locomotive) contained som 
subjects were given the name of the drawing and asked to generate a visual 
image and to focus on the whole image. In another condition they were 
asked to focus on one en 
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ume to make a decision regarding a property was faster in the part condi- 
tion than in the whole condition for properties within the attentional focus. 
However, decision time was slower in the part condition than in the whole 
Condition for properties far away from the attentional focus.?* The draw- 
s M by Kosslyn were moderately complex, suggesting that they might 

€ beyond the capacity of a simple image (if indeed there 15 апу such 


thi a si i 
ng as a simple image). 


Image Size 


, Kosslyn also investigated the relationship between image complexity and 
аре adequacy, Basically he was concerned with investigating the effects 
ad image size on the speed of verifying the properties of the image. For 
example, he demonstrated in a number of contexts that the larger the size 


o P ; Y 
f the image, the faster properties were verified. 


(1) He showed that the smaller characteristics of an imaged animal took 
istics. When a subject was instructed 


o : х 
nger to verify than larger characteri А 

to image a cat, it took longer for him or her to verify that the cat had claws 
than that the cat had a head. In a control condition where subjects were not 


asked to form a visual image and were presumably performing on the basis 
hether a cat had claws was 


T verbal memory, the decision regarding W г 
aster than that regarding whether a cat had a head. The difference in 
verbal memory is presumably because of the stronger association between 
Cat and claws than between cat and head. That this relationship was re- 
Versed in the imagery condition verifies that subjects were indeed using 
Visual images to make decisions under the imagery condition. (2) The time 
for subjects to make decisions about the visual properties of an animal was 
Shorter for large animals than for small animals. (3) When the same animal 
Was imaged at larger and larger sizes, the time to make a decision about 
эте property become progressively shorter. — ) | 

Kosslyn also demonstrated the limited capacity of imagery by showing 
uired to image an animal next to a matrix of 
aluated faster next to a simple (four- 
Cell) matrix than next to 4 more complex (sixteen-cell) matrix. Further- 
More, even when the number of cells in the matrix was held constant, 
Properties of animals imaged next to a physically large four-cell matrix 
Were verified more slowly than properties of animals imaged next to a small 
four-cell matrix.28 It appears that the larger the size of the matrix, the more 
capacity in image memory i$ consumed in representing it. 

As Kosslyn suggests, there may be something analogous to the grain of 


t > 
hat when subjects were req 
numbers, animal properties were еу: 


3S, M. Kosslyn, "Scanning Visual Images: Some Structural Implications." Perception and 


Psychophysics, 1973 (14), 90-94. 
385, M. Kosslyn, “Inf ion Representa’ 
(7), 341-70. y! nformation Rep 


tion in Visual Images." Cognitive Psychology, 1975 
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representation of the у 
of representation and 
blow-up of a small se 


-icher grain 
isual image—that larger images have a ate 
are therefore easier to "see," much asa Lm e fact 
ction makes that section easier to see despite th 
that no information can be added by the enlarging process. | 4s of image 

Alternatively, effects of size may be subsumed under the er. image a 
complexity discussed in the previous section. That is, when su зт faster 
larger object, they may represent it in greater detail, which pee that 
verification of its component properties. Furthermore, to the e capacity 
one image in the field is represented in greater detail, there is les roperties 
to represent other images, making the verification of their visual p 
more time consuming. 


Eidetic Imagery 


её 
pecial name, there is no reason to co 
imagery—possess а qu EET. 
an the rest of us. je P a 
at they represent the tail-en 

ribut Павегу capacity possessed by all of us.) А f com- 
Eidetikers build movement scanning of | лагу 
і est of us do. Thus, eidetic imagery is like ordi! 
visual imagery and unlik i 


ted throughout } 
ormal genera] i i 


» $0 there is no rea 


S 
idiocy or lack of abili 


IMAGE OPERATIONS 


А А 2 : еѕ 
The image modality does not consist of a passive collection of imag! 


"^R. N. Haber and R, p, Haber, "Eidetic Imagery: I. Frequency." Perceptual and Motor Skills. 
1964 (19), 131-38, 
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a wall or books on a shelf. An equally 
ality is the range of operations that 
itions appear to fall into two basic 


arrangi u Bah 

im Mee like so many paintings on 
r " S ы 

portant component of the image mod 


can be per b 
s € per formed on images. These oper: 
gories: destructive and nondestructive. Nondestructive operations (al- 


id мна to a considerable extent) include the initial generation or 
dumis ent scanning of one or more constituents of a complex image and 
than “ae (focusing on some part of the image), which may be nothing more 
ne addition of constituents representing that part in more detail. 
Sa operations can be further distinguished on the basis of whether 
WE tees to the front or back, left or right, top or bottom, or any diagonal 
ur ы of these six basic directions: Zooming operations can also be 
ivided according to whether one zooms at the center, the lower left 


aes the upper right corner: etc. 
merely nie and zooming should logically 
the a ac ding to the image without negating th X 
fen St of the image. Presumably, when an image componen is not cur- 
tly the focus of attention, its vividness decays passively and must be 
periodically refreshed via the scanning ОГ zooming operations. According 
Е this hypothesis, the more complex the image, the greater the delay 
ееп returning to refresh any image component. Successive regenera- 


Uo 1 i an i 
n of each component would occur in much the same way that an image 
is generated by an electron gun scan- 


Ong E à 
ni à TV picture tube or oscilloscope ron 

Mg over all the points on the screen. At present there is little direct 
evidence to support this hypothesis, and nothing 15 known concerning the 
Speed of scanning and zooming operations ог the activation-decay function 


Or imz 
Image components. 


be nondestructive, since one is 
e simultaneous existence of 


Destructive operations include deletion, rotation, reflection, translation, 
Magnification, minification, squashing, stretching, and tearing of visual 
Images, The destructive operations that can be performed on images prob- 
àbly include all of the destructive actions that an individual can take on 

ell as some that can only be imagined, but 


Obj ; 
objects in the physical world, as W ; ; 
he only destructive operation that has been extensively investigated is 


mental rotation. 


Image Rotation 
The first study of image rotation, by Shepard and Metzler, was a kind 
Of spatial relations test in which subjects were to judge whether pairs of 
projections of three-dimensional shapes were identical or different (Figure 
11-4). The pairs were constructed to be mirror-image reflections so as to 
prevent the subjects from solving the problems by a feature extraction 
process, without image rotation. 
- Strong evidence was obtained to support the hypothesis that subjects 
M mea solved these problems by mentally rotating one shape into the 
in order to determine congruence. The basic datum supporting this 
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Bo XR 
e$ 


(b) 


Ф 
©) á 


Figure 11-4. Examples of Pairs of perspective line drawings presented to subjects ÞY 
Shepard and Metzler. (a) A “same” pair, which differs by an 80° rotation in the picture plane: 
(b) a "same" pair, which differs by an 80° rotation in depth; and (c) a “different” pair, which 
cannot be brought into congruence by any rotation. (From Shepard and Metzler by permis- 
sion. Copyright 1971 by the American Association for the Advancement of Science.) 
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h й 1 5, “ m 2 H 
ypothesis was that the time to reach a "same judgment increased 


linearly with the size of the angle through which one object had to be 
Totated in order to make it congruent to the other. This was true both for 
rotations within the frontal (picture) plane, as in (a) of Figure 11-4, and for 
rotations in depth, as in (b). The average reaction times of "same" pairs for 
ie in both the picture plane and the depth plane are shown in Figure 
The Shepard and Metzler study not only demonstrated the existence of 
the image rotation operation, it also determined a number of important 
characteristics of this process. First, rotation in the two-dimensional picture 
plane was not significantly faster for three-dimensional images than rota- 
tions in three dimensions (in depth). Thus, there is probably at least some 
Sense in which mental rotation of a solid-object image is three dimensional 
rather than an operation applied to the two-dimensional projection of the 
object. 
oo rotation also appears to inv { 
*'ages, rather than being a single jump from 
ing by X degrees. Mental rotation of an objec 
May consist of three elementary rotations О 
hypothesis, we may have learned associations 
tures are transformed to a new set of spatial 
rotation in a particular direction. To accomplish 
Performs a succession of three 90-degree rotation 


In à manner not yet understood, the two views of ie th 
direction of rotation, and then the subject proceeds to carry out rotation in 
that direction over a series of steps- Thus there is a linear (straight line) 
Increase in the time to complete the rotation with an increasing angular 
disparity, as shown in Figure 11-5.4° , Д ' 
Cooper and Shepard studied rotation of two-dimensional letter images. 
The speed of image rotation of these forms was considerably faster than 
the speed of rotation for the three-dimensional objects studied by Shepard 
and Metzler. Since Shepard and Metzler had already demonstrated that 
rotation of three-dimensional objects ın the picture plane is not intrinsically 
faster than rotation in depth, the essential difference appears to be whether 
the image being rotated is itself two or three dimensional. Cooper and 
Shepard's task was for subjects to decide whether an original upright letter 
matched a test character presented at some rotated position, as shown in 


Figure 11-6. Nonmatching test characters were mirror-image versions of 
tion of the original letter, subjects were 


the original letter. After presentati | 
shown an orientation arrow indicating the angle at which the test character 


olve transitions through intermediate 
n one position to another differ- 
t image through 60 degrees 
f 20 degrees each. By this 
for how a set of spatial fea- 
features for a 20-degree 
a 60-degree rotation, one 
s in the same direction. 
an object determine the 


R, N. Shepard and J. Metzler, “Mental Rotation of Three-Dimensional Objects.” Science, 
1971 (171), 701-3. 
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5 
Г А lpicture-plane раігѕ) 


20 40 60 во 100 120 140 160 180 


B (depth pairs) 


Mean Reaction Time for “Same” Pairs (sec.) 


20 40 60 во 109 


120 140 169 
Angle of Rotation (degrees) 
Figure 11-5. Mean reaction times to two perspective line drawin, 5 portrayin jects of the 
x 50 
same three-dimensional shape. Times are plotted as a function of ёлошаг diee o in por- 
trayed orientation: (a) for pairs differing by a rotation in the 


picture pl 
differing by a rotation in depth. (From Shepard and Ме! 


апе only; and (b) for pairs 
ler by permission. Copyright 1971 by 
the American Association for the Advancement of Science.) 


180 
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identity orientation 


2000 ms. 100 ms. 


Advance Information Test 


Fi 
disi 11-6. The sequence of visual displays used by Cooper and Shepard to study m 
ion of letter images (reprinted by permission). 


ental 


a variable delay from 0.1 to one second, 
during which they were to rotate the original letter mentally into the test 
Position. When subjects had enough time to rotate the letter to the test 
Orientation, they were able to decide more rapidly whether the original and 
test characters matched. The speed of mental rotation could therefore be 
determined.*! 

A subsequent experiment 


would be presented following 


by Cooper and Shepard using a modification 
9f this paradigm also suggested that mental rotation involves a passage of 
the image through intermediate angular orientations. Subjects were given a 
test character and instructed to begin mentally rotating it in the clockwise 
direction at a rate of 60 degrees рег half second, paced by an auditory cue 
of the form: “up,” "tip," “tip,” “down,” “tip,” “tip,” representing six posi- 
tions around the face of a clock. When the test stimulus was presented at 
the orientation coincident with the angle at which the subject was currently 
imaging the origina the matching decision was made much 


] character, 
more rapidly than when the test character appeared at one of the other five 
orientations. 


Furthermore, Cooper and Shepard imply that when the test character 
was presented at the position 60 degrees prior to the currently imaged 
position, it was not processed any faster than a test character presented at a 
position 60 degrees in advance of the imaged position. This is consistent 
with the hypothesis that mental rotation 15 a destructive operation. If rota- 


^ я x , “The Time Required T ri 
“L, A. Cooper and R. N Shepard, Т quired to Prepare for a Rotated Sti $^" 
Memory and Cognition, 1973 (1) 246-50. timulus. 
i2L, A. Cooper and R. N. Shepard, "Chronometric Studies of the Rotati 
Images,” in w. G. Chase (ed.), Visual Information Processing. New York: GUN Мема 
: Аса ress, 1973, 


pP- 75-176. 
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tion were nondestructiv 
Character presented at a 


the current position, th 
subsequent to the curr 


€, one might expect a more rapid match for E 
more recently imaged position, 60 degrees pr! cas 
an for a less recently imaged position, 60 d ue 
ent position. According to this hypothesis, di ad 
ation of an image in a new position is accompanied by the active destru 
or negation of the image at a previous position. :ons in 
The distinction between destructive and nondestructive пра 
ed by Coltheart апа Glick's case study So 
ery capabilities. The subject came to their а n 
y to "talk backwards." Talking backwards con 


| - For exam- 
9r sequence of words in reverse order. For 
kwards, she coul 


reverse direction as r 


ently does this by generating a vis P enge 

letters from her visual image. She is also extraordinarily good at tachistos 

copic recognition of arrays of lette 

from an array of eight, while cont 
However remarkable these im 


apidly as she 


rm 
appear to be able to for 
or remember such material by m 


i in 
al Capacity, However, what she € 
and maintained м! 


: 2 .pton of visual Images is beneficial for ? 
nondestructive Scanning operation such as Spelling а word backwards, it 
should be deleterious for image processin 


ee 8 that uses destructive opera- 
tions. Indeed, this is the case. The subject is Very deficient compared to 
normal subjects in mental rotation!43 


Reading Transformed Text 


It has not been definitely established, but image Operations such as men- 
tal rotation may play a significant role in the ability to read words that have 
been transformed in some way, such as ro 


tating each letter 180 degrees: 
*3M. Coltheart and M. J. Glick, “Visual Imagery: A С; 


ase Study," Quarter}, тз 
5 2 Journal of Expert 
mental Psychology, 1974 (26), 438-53. al of Exp 
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b ir i each letter (reflecting the letter about à horizontal axis), reflecting 
e eve a vertical axis, etc. Kolers and his colleagues have demon- 
um hat subjects can read such transformed texts, but less rapidly than 
ùltim text,” Some transformations are more difficult than others, and 
of th ately this work should lead to determination of some of the properties 
ee езе image operators. While it may appear to be rather unnatural to 

texts that have been letter-by-letter reflected or inverted, it is probably 
à natural occurrence for readers to be oriented at various angles with 
Téspect to the text they are reading. Whether such modest angular dis- 


Parities require a mental rotation operation remains to be determined. 


Object Concept Recognition 

Mental rotation may also be involved in the ordinary object concept 
recognition process. That is, it is quite conceivable that we have a prototypi- 
cal concept for a particular object in a particular orientation. Our ability to 
recognize the object presented in some other orientation might involve 
Mental rotation of the image of that object until it achieves congruence with 
the prototypical orientation, at which time it can be identified. Massaro, 
Studying the ability to discriminate a circle and an ellipse as a function of 
Slant. with respect to the frontal plane, found that the time to make this 


decision increased with increasing angle of rotation from the frontal plane, 
the frontal plane to determine 


as if the subjects had to rotate the image into 1 ) і 
Whether it was a circle or an ellipse-** (Massaro interprets his results in a 
different framework, but the me ation hypothesis appears more 


ntal rot 
attractive to me.) 


SUMMARY 


to be distributed through the perceptual, motor, 


and cognitive modalities of the brain. 

handers the left hemisphere of the cerebral cortex 
lized for verbal processing and memory, while 
ed for nonverbal processing and 


l. Memory appears 


2. In most right 
appears to be spec! dig 
re is specializ 


the right hemisphe А Р $ 
memory for material such as spatial relations, Imagery, and music. 


3. The highest cognitive modalities are specialized for the type of infor- 
mation represented (language ог spatial relations) rather than for 
sensory or motor modalities (vision, audition, or motor control). 


зар, A. Kolers, “The Recognition of Geometrically Transformed Text.” Perception and 
Psychophysics, 1968 (3), 57-64. Р. А. Kolers and D. N. Perkins, “Orientation of Letters and 
Errors in Their Recognition.” Perception and Psychophysics, 1969 (5), 265-69. 

35D. W. Massaro, “The Perception of Rotated Shapes: A Process Analysis of Shape Con- 


stancy.” Perception and Psychophysics, 1973 (13), 413-22. 
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кеге её 
There is an image modality (representing the form of к 
what system) and a Spatial modality (representing the ae con- 
objects—the where System). Both modalities have operations t 
vert (relate) one form or location to another. 
One abstract ( 
movements (o 
dalities. 


А а 
©з А à à ons an 
cognitive) spatial modality represents locati Е 
perations) for all sensory-input and motor-outp 


| linked to 
Movement Concepts in the spatial modality are most closely SN ШУ 
central motor commands, while position concepts are most S 
linked to Sensory (visual, auditory, tactile, kinesthetic, etc.) inp 


H . ~ : р u 
The associations from Sensory input modalities and motor outp 
the spatial modali 


d 

ty can be modified to adapt to homogeneous Ai 

split-field lateral displacement, rotation (tilt), up-down d sd 

right-left reversal, magnification, and minification of the visual | @ 

What changes first is often the felt position of parts of the boc Ше 

change in the associations between the spatial modality and the tact in 

kinesthetic, and motor modalities), but eventually there is a chanka 
the visual-spatial mapping from retinal and eyeball locations onto t 


tto 


ced movement facilitates both sensory-motor end 
and adaptation to Sensory rearrangement, with a high e 
gree of temporal contiguity required between a movement and th 
visual feedback from it. 

An Image has a constituent structure just like a verbal proposition. А 
whole image is analyzed into part images in a manner that can vary 
with context, 


3 В : Р à a 
Simple Images are images whose activation can be maintained as ? 
whole simultaneously, without scannin 
maintained by successive Scanning of sj 
(more complex) simple j 


generation but not for 


or more ade 


к J jes 
adequate in a way that improve 
1 them. Sim 


ultaneous imagery capacity 15 
e represe 
There are associations from the verb; 
so that, for example, we can vi i 
letters in a word. The generati 
appears to be strictly one let 
the phonetic level of the verbal mod. 
The generation of images fo 
to one letter at a time, does 
order, and does not appear 


ters of the alphabet 
ner Оте involvement of 
ality (in Pronouncing the letters). 
Td may not be limited 
not always Proceed in strict left-to-right 
to require Pronunciation of the word. 


13. 


14. 


16. 


1% 


18. 
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tatively similar to ordinary visual 
at complex eidetic images are 
hich would blur an afterim- 


Eidetic imagery appears to be quali 
imagery and unlike абегітавез, in th 
acquired by eye movement—scanning—W 
age. Retrieval of eidetic images also appears to involve scanning. 

al generation of an image) and zooming are 
age operations, though there is little evi- 
at they are nondestructive in the 


шш (including initi 
Еу nondestructive im 
dence to support the notion th 


human mind. 
ction, translation, magnification, minification, 


squashing, stretching, and tearing are logically at least partly destruc- 
tive operations, and there is some psychological evidence supporung 


the destructive character of mental image rotation. 


Deletion, rotation, refle 


large angles appears to be accom- 
ding to a linear increase in time to 


the size of the angle. 
r than image rotation 


Mental image rotation through 
plished in small-angle steps: lea 
rotate an image with increasing 
Image rotation of two-dimensional forms is faste 
of three-dimensional objects- 

ant role in recognizing 


Mental image rotation May play an import А 
words and nonverbal shapes at different angles of rotation. 


12 The Dynamics of Memory 


OBJECTIVES 
1, 


gis retriev 
Process: acquisition, storage, and muro 
are all-or-none or have grad? 


term memory. from 
dynamic differences 
ypes of memory dis 


Tom a loss of ch 
memory span deficit, Which a 


NU n 
chapters were concerned with the qualitative ier 
earning and memory. The next four are a ey 
Primarily with the quantitative, dynamic properties of learning and 1 can 
ory, such as how Tapidly we learn and forget and how rapidly d 15 
retrieve and use Previously learned information. Chapters 13, 14, od 
are devoted to the three temporally distinct phases of the memory ignia 
acquisition (learning), Storage (consolidation and forgetting), and retri zs 
(recall and recognition), The principal variables that affect the time pm 
of acquisition, Storage, and retrieval will be discussed 1 with such ч. 
questions as: What are the Stages of learning? How do үз до: 
learning affect the rate of forgetting? Is there a consoli ation proc 


The preceding four 
Properties of human l 


318 


The Dynamics of Memory 319 


ory retrieval a direct-access pro- 


Wha + 
t аге the causes of forgetting? Is mem 
(serial search)? 


cess AE A f 8 
о does it involve successive scanning 
€ present chapter has three major sections. First, we examine the issue 


of w B ‚ А 
hether memory traces are all-or-none or continuously variable in 


Stre E е EP 
ngth. Second, we take an overview of memory dynamics within the 
of the three phases: acquisition, 


o strength formulation for each І itio 

à ‚ and retrieval. Third, we consider whether there is reason to distin- 

Жайын dynamically different types of associative memory traces: short- 

а long-term memory. We conclude that there is not. In this third 
n, some important memory disorders are discussed. 


ALL. 
LL-OR-NONE VERSUS INCREMENTAL MEMORY 


an be divided into two classes: discrete 


Ж i А 
heories of the memory trace с : 
nental) strength theories.! 


кеа theories and continuous (incren slag capi 
d m the finite-state class, the most extreme form is the аг-ог-попе 
€ory, in which a memory is either present or absent. Within the all-or- 
none (two-state) theory, memory traces that are present have the value 1 
and those that are absent (either because they were never learned or be- 
Cause they have been forgotten) have the value 0. There are no gradations 
of memory strength in an all-or-none theory, and learning is represented 
by the transition of the memory traces from the value 0 to the value 1, while 
forgetting is the reverse transition. hà x : 

Although responses on recall and recognition tasks are typically either 
COrrect or incorrect, most people feel that they have different degrees of 
Confidence in their responses corresponding to different underlying 
Strengths of the memory trace. Thus, there 1$ some intuitive support for 
each theory. It is difficult to refute either theory on the basis of experimen- 


tal data. i 
Both learning and forgetting typically show a progression through many 
levels of probability of correct performance. As the retention interval in- 
e gradually decreases, rather than 


creases, the probability of correct respons 
going suddenly from perfect performance to chance performance at some 


ite-state and incremental models of learnin and me ү 
pcm and Conceptual Processes. New York: Wiley. 1970, pp. 61-85. W d 
Estes, "Learning Theory and the New ‘Mental Chemistry’.” Psychological Review, 1960 ib. 
207-23. F. Restle and J. G- Greeno, Introduction to Mathematical Psychology. Reading, Мы 
Addison-Wesley, 1970, р. 54. W: ER VE B. L. Hopkins, and E. J. Crothers, "All-or-None 
Conservation Effects in the Lee a Retention of Paired Associates.” Journal of Experi- 
mental Psycholog} 1960 Ара "955 EAST. Application of a Model to Paired-Associate 
Learning.” Psychometrika, 191 С ie ; -80. L. Postman, One-Trial Learning," in C. N. Cofer 
and B. S- Могае vd uii rendre Problems and Processes. New York: 

3 i , p- 60. J. T. E- , "Verba eee eae : 
McGraw; Dry Journa al Learning: Incremental vs. All-or-None 


'For a review 
Kintsch, Learning, Memory, 


lof Experimental Psychology, 1970 (22), 196-204 
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point in time. However, the all-or- 
forgetting by assuming that there is 
time following learning. As the rete 
gressively greater probability that th 
forgotten. This would produce a g 
even for an underlying all-or-none 
increases in correct response probabi 
set of items could be the result of all 
ent trials for different items w 

There are a number of phe 
for in an all-or-none theory 


none theory can account for Lm 
some probability of forgetting at à id 
ntion interval increases there is n 
€ memory trace will already have с 
radually declining retention pesa де 
forgetting process. Similar yeg rd 
lity over successive learning ife 
-or-none learning occurring on d! 
ithin a set. 
nomena that are rather awkward to pos n 
+ First, when subjects have achieved pe for 
of learning trials, their rédrion Dunes it 
y decrease over subsequent learning ш at 
rect recall or recognition probability sl dm 
assume that the all the relevant mem 


are frequently above ch 
be accounted for withi 
required, such as assu 


ance accuracy. 
n an all-or- 
ming that for some reason an incorrect assoc even 
se, 


There are other, lex arguments against all-or-none learning 

theories, but a dedicated all-or-none learning theorist can usually у 10 

tof the all-or-none theory. If one takes p 

€r and allows memory traces to be in me 

; in short-term memory, and in long-te! А 
en more difficult to decide between th 


*R. Millward, “Latency in a Modified Paired-A 
Verbal Learning and Verbal Behavior, 

after the Last Error." Psychonomic § 
Associate Latenci 


ssociate Learning Experiment.” Journal of 
1964 (3), 309-16. L. Peterson, “Paired-Associate Latenc 
: cience, 1965 (2), 167-68. J. Theios, "Prediction of рс 
е ies after the Last Error by an All-or-None Learning Model." Psychonom" 
Science, 1965 (3), 311-12, p. Suppes, G. Groen, and M. Schlag-Rey, “A Model for Respons 

Latency in Paired-Associate Learning." Journa] of Mathematical Psychology, 1966 (3), 99-128. N. 


C. Waugh and E. C. Holstein, “R i f Highly Overlearned It » Psychonomic 
Science, 1968 (11), 143. еса Latencies of Highly ems.” Psyc 


2. R. Binford and С. Gettys, “Nonstationarity in Paired-Associate Learning as Indicated by 
a Second-Guess Procedure.” Journal of Mathematical Psychology, 1965 
man and D. W. Chambers, = 


у, (2), 190-95. A. s, Breg- 
» "Al-or-None Learning of Attributes." Journal of Experimenta 
Psychology, 1966 (71), 785-93, 
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finite- Я ; 
ite-state framework and the conunuous strength framework. Finally, 
n x а . a im * 
e can assume that an item or association has many attributes, each of 
W 1 А 

ich is learned and forgotten in an all-or-none manner.* 


STRENGTH THEORY 


gue the difficulty of definitely rejecting all finite-state formulations 
1€ memory process, there are theoretical advantages to adopting the 
A GANE strength theory, most of which have to do with memory 

ynamics. Memory will be considered to vary continuously on a dimension 
called strength. Prior to acquisition, memory traces are considered to have 
zero strength, but during acquisition (learning), strength increases as a 
function of study time or the number of study trials, probably to some 
Maximum limit (asymptote)- During the retention interval, memory 
Strength will decline as a result of decay and interference. At the ume of 
retrieval, the strength of relevant memory traces remaining at that. ume 
determines the probability of correct recall or recognition. (See Figure 
12-1.) Higher strength produces a higher probability of correct recognition 
9r recall. Although memory retrieval can take place in about a second, the 
retrieval of trace strength does appear to be gradual over this time period, 
as discussed in Chapter 15. The present discussion of memory dynamics 
will largely make use of the continuous strength formulation, but most of 
the conclusions regarding memory have equivalent analogues within the 


finite-state formulation. Жей ; 
A continuous strength theory of memory dynamics oes not imply that 
nges in strength during the 


there are no relatively rapid or abrupt cha j [ 
memory process We shall discuss some traumatic events during storage 


that sometimes temporarily and sometimes permanently reduce the effec- 
tive retrieval strength of a memory trace to zero. When a subject under- 
Stands material or thinks of some clever visual image or verbal mnemonic 
for remembering an association during acquisition, the effective strength 
of the memory trace increases rather abruptly. Such insights concerning 
effective ways to code the material can occur at various times during the 
acquisition process in a manner that lends a substantial all-or-none aspect 
to learning, even within a continuous strength theory. One of ihe: theoreti: 
cal advantages of the continuous strength formulation is that it permits any 


^W. K. Estes, “Toward a Statistical Theory of Learning.” Psychological Review, 1950 (57), 
94-107. G. H. Bower, “A Multicomponent Theory of the Memory Trace,” in K. W. Spence 
and J. T. Spence (eds.), The Psychology of Learning and Motivation: Advances in Research and 
Theory, Vol. 1. New York: Academic Press, 1967, pP- 299-325. See discussion of Estes's 
stimulus sampling theory in W. Kintsch, Learning, Memory, and Conceptual Processes. New York: 
Wiley, 1970, pp. 94-135. : 
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Memory Strength 


0 


у Retrieval 
Time —» Test 


А id lines) with 
In ТУ strength during each or three learning trials (solid lines) 
forgetting (dashed lines) during ret 


Figure 12-1. creases in memo 


; of the 
etention intervals following learning trials. The strength 
memory trace at the time of the r 


i call of 
etrieval test determines the probability of correct re 
recognition. 


А i with 
B at the same time as it is compatible 
gradual changes in the 


3 ing changes 
e shall be discussing A pi 
easurable, but it is not. ; al 
statistic 


iatou SATO 
onverting response probabilities Ti 
ength of some psychological saper 
ace.? [t is by no means clearly established that 
memory strength mea i 


?W. P. Tanner, Jr., and Je Swets, *A Decision-Makin 
Psychological Review, 1954 (61), 401- 


g Theory of Visual Detection.” 
9. D. M. Green and J. A. Swets, Signal Detection Theory and 
Psychophysics. New York: Wiley, 1966. 
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А 
RE THERE TWO DYNAMICALLY DIFFERENT MEMORY TRACES? 


22 et upa number in the telephone directory, dial it, get a busy 
bd: etd hang up. Five minutes later you want to dial the number again, 
er, мыч you have forgotten it you must look it up араш. This is short- 
briefl Smary, so called because it lasts for only a short time. Memory of a 
iiid pr esented seven-digit number will last only a few seconds or tens of 
verbal s if you do not rehearse and instead engage in processing unrelated 

material during the retention interval. By contrast, you can re- 
member your own telephone number or other well-learned list over reten- 
Чоп intervals of days, weeks, months, and even years. Much of our long- 
term verbal memory is of a more meaningful semantic character, but it is 
clear that even rote verbal material such as familiar telephone numbers can 
be retained for very long periods. Differences such as this have led some 
memory theorists to postulate two distinct types of memory traces: short 
term and long term. Is there any basis for this distinction? 

For a time it was thought that verbal short-term memory was a nonas- 
Sociative buffer store that made it structurally different from associative 
Опр-гегт memory. However we saw in Chapter 8 that at least one compo- 
Dent of verbal short-term memory is associative. Throughout these last 
three chapters we shall only be concerned with the dynamics of associative 


memory and not nonassociative iconic or echoic memory. 
ht that verbal short-term memory was encoded at 


OS also used to be thoug shore at ean : 
€ phonetic level of the verbal modality. while verbal long-term memory 
Was encoded at the semantic level. However, since we know how to read, 
Spell, recognize, and pronounce words, we know there is also long-term 
8raphic and phonetic memory- At the same time, short-term semantic 
memory traces are undoubtedly formed during the processing of sen- 
tences. Such considerations negate the simple equation of short-term 
memory with lower structural levels and long-term memory with higher 
semantic levels. It is still logically possible that there are two separate, 
dynamically different types of traces—short term and long term—existing 
at one or both levels of the verbal modality, but as we shall see, there is no 
evidence at present to compel such 2 conclusion. 

Since research on short-term memory became popular in the middle 
1950s, hundreds of studies have been interpreted to support а distinction 
between short-term and long-term memory, but it is now clear that all the 
evidence alleged to support this distinction 1s equally compatible with a 
single-trace theory.? There are different reasons that various pieces of 
evidence for the distinction between short-term and long-term memory are 


5W. A. Wickelgren, “The Long and the Short of Memory.” Psychological Bulletin, 1973 (80 
425-38. W. A. Wickelgren, “More on the Long and Short of Memory,” in Deutsch ah 
Deutsch, Short-Term Memory, PP- 65-72. 
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е 
; А 5 exl ost of th 
inconclusive, but two recurrent conceptual errors underlie m 


В £ = S superficial compari- 
faulty reasoning: (1) encoding confounding and (2) superficial I 
sions of forgetting rates. 


ENCODING CONFOUNDING 


The association betw 


ТЕРЕ 

Ress associatior 
€en cat and mouse is different from the ass 
between salt and peppe 


r. This does not mean that there is anything oa 
different about the linkage between cat and mouse as opposed to the ause 
age between salt and Pepper (though there might be). However, picem 
the concept pairs are different, one must assume that there are Вар the 
different (though possibly equivalent) connections between them. diee 
associations are physically different, it is possible to find some manipu $ the 
that will affect the two traces differently. For example, one might forc anc 
subject to Say "salt-water" Over and over again hundreds of etm 
demonstrate that this produced some interfering effect on the proba iy 
or latency with whi respond with “pepper” on aw m 
as the stimulus word. Such a marie 
5 of an effect or no effect at all on the psu 
latency of the subject’s responding with “mouse” on a word association 
to “cat” as the stimulus. 


Я А "i а гей 
Stated more abstractly, if a subject has learned two word-word pai 
associates, represented a 


l á ation 
on. The fact that a particular manipula are 
y does not establish that the two traces 4 


same dynamic law 


What about a less obvious c 


hanisms and follow precisely the same 


laws of forgetting, which is just what we assume to be the case 


Psychological 
for two traces 
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pom ы traces in the same modality. To demonstrate that two 
ence in К lynamically different, it must be shown that any alleged differ- 
differe тор ер properties can be explained by assuming a dynamic 

nce rather than just a difference in coding properties such as mo- 


dality or level of encoding. 


There are many examples of failure to be aware of the possibility of 


roning differences in the attempt to marshall evidence in support ofa 
s mple dichotomy based on trace longevity. but perhaps the most interest- 
Ing examples of this confounding have come in the study of patients with 
memory disorders. We shall consider two classes of patients: those with 
acquisition amnesia, who were considered to have relatively intact short-term 
memory but grossly impaired long-term memory. and those with a memory 


$, “гл д 
‘pan deficit, who were considered to have intact long-term memory but 
vith such disorders were once con- 


Impai B 
сое short-term memory. Patients W 

idered as evidence of a dichotomy between short-term and long-term 
Memory traces, but we now know that this interpretation 1$ the conse- 


u : 2 ; ; 
quence of a serious encoding confounding. 


Acquisiti ~ 
isition Amnesia 
tain age in life as far as 


There are people who appear to be fixed at a сег age i і 
their memories are concerned (their bodies do age, 50 aging is not all in the 
Mind). A 45-year-old man can remember his life experiences up to age 98 

ut he cannot remember anything that had happened to him since that 
ume. At age 28 an injury occurred in the hippocampus and mesial tem- 


Poral area of the cortex that appears to play а vital role in establishing new 
Memories, and since then the experiences of life have not been perma- 


Nently registered in memory. Some people are like this because of 
Neurosurgical operations that removed brain tissue in the mesial temporal 
Cortex and hippocampus for the relief of epilepsy. (These operations are 


n0 longer performed.) Other people have lost this ability to establish new 
long-term sott traces because of accidents, still others as a result of 


Korsakoff psychosis, a disorder that can result from prolonged alcoholism. 


Some elderly individuals exhibit this same acquisition amnesic deficit. They 
can remember events of their younger ays, but they have trouble learning 


new things.” 
mory after Bilateral Hippocampal Le- 


“Loss of Recent Mer 
1957 (20), 11-21. B. Milner, "Amnesia 


?W. B. Scoville and B. Milner, К 
sions.” Ji 7». Neuri ry, and Psychiatry, ) 

Tone Journal of Малта), moral Lobes in C. W. M. Whitty and O. L. Zangwill (eds.), 
Amnesia. London: Butterworths, 1966, pP- 109-33. B. Milner, S. Corkin, and H. L. Teuber, 
“Further Analysis of the Hippocampal PP” nesic Syndrome: 14-Year Follow-Up Study of Н. 
M. Neuropsychologica, 1968 (6) 215-34. H. L. Teuber and B. Milner, “Persistent Anterograde 
Amnesia after Stab Wound of the Basal Brain. Neuropsychologia, 1968 (6), 267-82. G. A. 
Talland, Deranged Memory: A Psychonomic Study of the Amnesic Syndrome. New York: Academic 
Press, 1965. V. A. Kral, "Memory Disorders in Old Age and Senility,” in G. A. Talland and N. 

> New York: Academic Press, 1969, pp. 41-48. 


C. Waugh (eds.), The Pathology of Memory- 
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; er 
Many patients with serious learning deficits also have a variety е 
cognitive disorders, which makes it difficult to draw precise ye ure 
about memory. However, there are people who exhibit relative hie 
deficits in the acquisition of new long-term memory traces without с. апу 
ing any significant lowering of intelligence (as measured by IQ tests) only a 
serious perceptual or motor deficits. Such people typically уы estab- 
modestly reduced immediate memory span. Memory for previpus qm being 
lished long-term memories is well preserved, the primary deficiency fairly 
in the establishment of new long-term traces. Such people CORE been 
normally, making allowances for their inability to remember what has 
a few minutes previously. 


- eerie 
ng one of these people, I had a rather arp 
а young man in his twenties who had ede? 

use of an unusual fencing accident. Suza 
Corkin introduced me to the 


ai 
' Again I said, “no.” Then PE ps 
’ I talked with him for pee. is 
make a telephone call. When 


ene аб DEF 
turned, everyone was st roximately the same locations aS р 


fore. Sue, realizing that the Patient would have no knowledge of pas 
having met me before, reintroduced me to him. After she said, "This i 
Wayne Wickelgren," he ay, "That's a German name, isn't IU 
I replied, “no.” Then he said, “Iri "no," and he sale: 
"Scandinavian?" questions ké had asked the 


ЖЫ: ata 
at such a patient is fixed are 
$ es every minute with the set of experien 
possessed at that time. 


anding in app 


E Я ly 
the inf; ion is particular 
salient and frequently repeated. The famou Go 
M., investigated by Milner and her colleagues, К memory 
problem, and he must have learned this aft н ee 


enormously reduced. 


What has primarily been reduced is Н. М.% ability to aequirenew seman 
tic (conceptual and Propositional) memory traces. He and other amnesic 
patients show substantial ability to acquire other types of long-term mem- 
ory. For example, Corkin demonstrated that H. M. showed nearly normal 
trial-to-trial improvement in a perceptual-motor learning task of keepe a 
stylus in contact with a wavy line mounted on a rotating drum, When H. M- 
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Was t E E 
ested for retention of the perceptual-motor task, he showed as good 


c fs the control subjects, in terms of the time on target measure of 
NR dm ито skill, although he denied ever having participated in 
есу Experiment before!® Thus, cognitive memory for participating 1n 

periment appeared to be completely gone; but the perceptual-motor 


ЩЩ was well retained. 
Thoi of studies by Warrington and Weiskrantz on a group of amnesic 
alread B in England has shown that such patients can further strengthen 
Word y existing vertical associations between the structural attributes of 
ue ѕ and pictures and the concep des) for which we have 
einn The test involved presenting à highly fragmented word or picture 
à familiar object, such as that shown at the top of Figure 12-2, and then 
Presenting the word or picture in progressively more and more complete 
ite At the subject recognized (named) it. This was done for pea 
ds rent words or pictures, constituting one trial, and then repeated tor 
€ same words or pictures on а series of trials. Both normal subjects and 
amnesic patients improved in their ability to recognize the fragmented 
Versions of previously presented words and pictures a$ a result of exposure 
to them on previous trials, even though in some cases an entire day inter- 


ts (chunk no 


PORCH 


d word. (From Warrington and Weiskrantz by 


Figure 12-2. Examples of fragmented picture an 


Permission.) 


t Memory.” Milner, “Amnesia Following Operation.” 
Analysis." S- Corkin, “Acquisition of Motor Skill after 


“Loss of Recen 
* Neuropsychologia, 1968 (6), 255-65. 


«Further | 
be Excision. 


Мосо Ше and Milner, 
Winch Corkin, and Teuber, 
ilateral Medial Temporal Lo 
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vened between trials.? 


; ; х ч -term 
' Thus it appears that certain kinds of long: 
learning are no more 


А $ ? : Ж : ап is im- 
seriously impaired in amnesic patients thz 


: impaired compared t? 
€. Amnesics were impaired compar The 
y as on novel paired-associate learning. 
acquisition that amnesics а 


€ and proactive interference, s 
n do. Confirming evidence comes from ts 
rington and Weiskrantz. These ce aren 
ts were much more seriously impaired ect 
C given 4 in an AB-AC proactive miere 
ming of previously existing category-member 


» but not in stora 


bad shel caine р арыныр learning, Short-term verbal mem- 
ory, and long-term verbal memory.!2 

In view of their greater Susceptibility to interference it would not be 
surprising in certain conditions to find a faster “forgetting” rate їй Am- 
%Е. K. Warrington and L. Weiskrantz, 
Special Reference to Amnesic Patients.” 
Weiskrantz, "Amnesic Syndrome: 

"E. К. Warrington and L. Wei 
tion in Amnesic Patients." Neuropsy 


UTbid. 


"Corkin, “Acquisition of Motor Skill." A. D. Badde! Warri « ia and 
the Distinction Between Long- and Short-Term Memory” Journal of Verba ОП ате 
Behavior, 1970 (9), 176-89. W. A. Wickelgren, Sparing of Short-Ter, Мешеу rgand AE 
Patient: Implications for Strength Theory of Memory. Neuropsychologia, 1968% e p у? w. 
A. Wickelgren, “Single-Trace Fragility Theory of Memory Dynamics” Memory ае ie M 
1974 (2), 775-80. 2 


, ny Method Of Testing Long-Term Retention with 
n 1 ature, 1968 (217), 972-74. E. Warrington an j 
Consolidation or Retrieva Nature, 1970 (298) 698-30. 
rantz, "The Effect of Prior Learning S vent Reten- 
chologia, 1974 (12), 419.98. Б оп Subsequen 


ley and E, K. 
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mu in normal controls. There are two necessary conditions: (1) The 
hunks must be of the type that normals often learn by forming new 
ing) e but some learning 1s possible by further strengthening (prine 
МЕМ ‘ isting associations. (2) The retention interval should be filled with 
iu | rus (same stimuli, new responses) interfering learning of associa- 
cud. ше same type as original learning (that is, priming of pm 
diem g associations). Obtaining more rapid forgetting in amnesics under 
conditions would be most parsimoniously interpreted as a conse- 
ше of the difference in initial encoding in normals and amnesics. It 
ould not be an indication of two dynamically different types of traces, 
with amnesics being able to form only the short-term ones. As we have 
dim. acquisition amnesics are able to acquire long-term traces that are 
Orgotten at normal rates under some conditions, so there is no support 


he 3 
f : 
e for a dichotomy based on trace longevity. 


Auditory Memory Span Deficits 
In 1969 Warrington and Shallice reported a patient who first appeared 
to have precisely the opposite disorder from that of the amnesic. This 
Patient was impaired in verbal memory span, but could quite normally 
d to study long-term 


learn 1; É 
Carn lists of paired associates and other materials use 
pe of disorder have also been reported. 


memory, Other subjects with this ty а 2 
arrington and Shallice's patient, К. F., had an auditory digit span of 
Approximately two, which, of course, is phenomenally low for someone 
able to learn a list of paired associates at close to normal rate. Warrington 
and Shallice subsequently determined that this was not a general impair- 


Ment of short-term memory, but an imp. f memory for material 
Presented in the auditory modality. For example, K. F.’s visual short-term 


memory span was within normal limits. E 1 r 

He has no problem in learning with auditory presentation of single 

Words or word pairs, since this does not exceed his capacity. But when the 
5 eeds two at a time, К. Е. is 


number of auditorially presented items exc X З 
severely impaired Warrington and Shallice also describe K. F.'s speech as 


"halting," which suggests that in verbal output he is only able to store a very 
Short string of one or two words or familiar phrases at the phonetic level of 


the verbal modality.'? 
The verbal short-te 


airment о 


rm memory data and the speech data are consistent 
With a severe impairment at the phonetic level of the verbal modality. Once 
this level-modality deficit is acknowledged, there appears to be no evidence 
of a general impairment of short-term memory as opposed to long-term 


. PE. К. Warrington and T. Shallice, “The Selective Impairment ShA NO Non eV erbalshart 
бегиш Memory." Dare, 1009 (22), 385.96. E K WADE and, T Shallices-Neuropsyeho- 
logical Evidence of Visual Storage in Short-Term Memory Tasks." Quarterly Journal of Experi- 
mental Psychology, 1972 (24), 30-40. | 
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memory. Here again, the nature of the deficit appears to be specific toa 
type > обаа. and is not relevant to establishing the existence of traces 
oh different dynamics of acquisition, storage, or retrieval. 


COMPARISON OF FORGETTING RATES 


Many studies of retention have found a period of a few seconds or 
seconds following learning during which m 
ting, followed by a period of relativ. 
another, this difference in forgetting 
the existence of two memory traces. 
the fallacy in this argument. If one 
period of time—not for just the first 
minutes, hours, days, weeks, and yea 
that the rate of forgetting is contin, 


point in this span where one sees an abrupt break, as if one component 


were dropping out and another taking over. Rather, what one sees is à 
smoothly decreasin 


tens of 
emory undergoes rapid forget- 
ely slow forgetting. In one form ‘OF 
rate has often been used to argue for 
Gruneberg was the first to point out 
tracks a memory trace over a longer 
few seconds or tens of seconds, but for 


t forgetting rat 
two-component memory traces result from 
dalities or two different ley 


type of trace mediatin 


he processing of subse- 
reater amounts of interference 

5 
he nature of the trace and it 


retrieval are different, 


“Wickelgren, “Single-Trace Fragility Th * 
of Memory —Unproved and арк peas "t © 
gren, "Trace Resistance ai кзы 


Tuneberg, “A Dichotomous Theo 
nd the D 
Psychology, 1972 (9), 418.55. “cay of Long-Te 


Bans 
f. 1970 (34), 489-96. W. A. Wicker 
rm Л етогу." Journal of Mathematt 
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Memory in the next chapter, and its storage and retrieval dynamics in 
hapters 14 and 15. 


SUMMARY 


ructure of representation in memory. 


Coding refers to the qualitative st 
hanges over time in acquisition, stor- 


Dynamics refers to quantitative c 
age, or retrieval. 

hat memory traces have many gradations of 
adations result from all- 


a large number of com- 


It is plausible to assume tł 
strength, although it is possible that such gr 
or-none acquisition and forgetting of each of 
ponent attributes. 
Acquisition (learning) probably has some gradual increases in strength, 
but trace strength often increases abruptly when one thinks of an effec- 
tve way to encode some material into a conceptual unit (image or 
Proposition). 

So far as we can tell, normal forgetting is 
Strength, though traumatic injuries can cause abrupt amnesia. 

the remaining strengths of the relevant 
a period of time on the order of one 


always a gradual reduction in 


x ftn and recognition, 
Ory traces are retrieved over 
Second for a single act of retrieval. 
There is reason to distinguish nonassociative traces, such as underlie 
‘conic and possibly echoic memory, from associative traces. There are 
also numerous coding differences between associative memory traces 
in different modalities and levels of a modality. However, there is no 
reason to assume that there is more than one dynamic type of associa- 
tive memory trace. 
equisition amnesia is a difficulty in new 
t from a loss of chunking capacity. | 

An auditory memory span deficit results a great reduction in the capa- 
City to acquire new memory tracs via auditory sensory input — — 

he forgetting rate for a memory trace appears to get progressively 
Slower the longer the time since learning. 


conceptual learning that may 


OBJECTIVES 


l. To describe the four Stag 


e 
2 пр! 

— А ing as ап examp" 
es of paired-associate learning as an mi- 
of how the learning of even a simple 

independent parts. 


bse- 
. m Р sons кй Bil 
To discuss the effects of repetition on degree of learning at 

quent retention, 


- 
a "i ы ed of $ 
list of pairs is composec 


To discuss the enormous facilita 
ing items to be associated and 
or verbal Propositional chunk 
4. To describe how 


n tak- 
: ' А _ rom tak 
Поп of learning that results f v image 
incorporating them into a unitary 
А | - 
roce 
Y be related to the level of её pros 
Cquisition, including a brief discussion of 


at is 
à E rjal that 
5. To point Out that it is how one processes (encodes) material 
important for learning and not whether one intends to learn it. ning 
" B t ar 

6. To discuss the beneficial effects of Spaced practice for both le 

and retention, 
T. 


at 
x ; a omewh 
As you study the material in this book there are at least two s m 
isti i i must learn the mean 
distinct parts or earning. First, you "pieni 
of the new Concepts Presented in each section. Second, m us iui 9 
important Propositions (the general principles and a wi of t Pa й 
facts) that аге formulated using these concepts. Roug , кре па С 
must learn some new words and some new ical. е. dedu 
meanings of these words and sentences that you mus > 
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-— Р ' concept is ап 
3 'ords. Learning the definition ce рага N of 
og spellings of Ше AR 1 a new node to stand for г ition may also 
example of chunking: for ae E 10, learning a new eines Me torni 
old nodes, As discussed in (4 ага higher level. We do eril material, but 
be an example of inet тай ө d in learning complex aes es in paired- 
Concerning the stages ips стае careful analyses of rac : pa s sections 
there = been pow en are discussed in the following s 

associate earning. [hese stages 


RNING 
THE STAGES OF PAIRED-ASSOCIATE LEA 


> or of investigators 
7 i and theoretical work of a i-o ree Rudolph 
_ From the experimental anc t notably Benton Unde: and William 
' the field of verbal ur n Marti Eleanor Gibson, е Tae is 
Schulz stm: Edwin Ma p aired-associal E 
eiae v Mesa er i indication that is init response 
n I pe Bans БҮЛ НАС distinct stages нанете Stimulus and d 
"posed of four s formation, апа pair assc енеме Бае 
spaning, e imi pli i of chunking at ds i chunking at thie 
"arni ге exa à ably exar 5 
an. bes v a association are probably e p Я fu 
` p e у 
Propositional level. the development of a rennet con ami 
Stimulus learning refers E стей as familiar from có tly distinct 
Stimulus such that it can be oe m of the stimulus is suf icien d e 
«M such that the Rupees кептин of other stimuli p" Mr the best 
ifferentiated) е тр associations to responses. Е fa eredi 
erence in the acquisition e of stimulus recognition in pair -— ag ке a 
Evidence for the Корола from апу association to the a 
earning and its independenc Martin used the study-test method. Ой ег - 
Provided in a study by Mar per airs with the stimulus items consisting o 
trial subjects were ret ipei t consisting of the digits 1, 2, pen 
Consonant trigrams and th ch trial, the 12 stimulus items were mixe | with 
uring the test phase of = and subjects were required to give гше 
new consonant trig! Aum decision regarding whether the test trigram 
Sponses: a yes-no I d a choice of one of the three possible response 
Was old or new and um six of the trigram-digit pairs were consistently 
igits. In the 12 i eden and six were randomly repaired from trial to 
Paired with the Emm the two types of trigram-di 
trial, Subjects were 


git pairs and were 
| k was to give the digit most recently 
told that their tas 


associated with any 


f Verbal Paired Associates." Psychological Review, 

ЇЕ, Martín; erra Application of the Concepts Bn Gene 

E J; Gibson, "A Systema PPP Review, 1940 (47), 196-929, w, 

10 Verbal Learning. ciate Learning." Journal of Experimental P 
odel for Paired-Asen W. Schulz, Meaningfulness and Verbal 1 
: Underwood and % 

1960, 


1965 (72), 397.43. 
ralization and Differentiation 
J. McGuire, “A Multipurpose 
Whology, 1961 (62), 335-47. В. 
earning. Chicago: Lippincott, 
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z ect 
s. Martin found that the probability of giving me e ie 
as essentially at chance in cases ably above 
nize the trigram, but was consider r to bea 
» recognition of the stimulus ше onse. 
rning the association to the correct res ae in 
Orrect response appeared to play as an О 
н : € probability of correctly recognizing ` ams 
trigram increased over tr; in an identical manner both for the trig! 
consistently paired with the 


А us 
h imul 

€cognition process, but st 

ation of a pair association.? varies 

rning phase probably v4 


jects 
asks. In some cases np oon 

differentiatio i rati arate 
ponents of each stimulus į 


ive. In the 
but 


Response Learning 


The Underwood and Sc 
the response-learnin 


wA А ; e of 
itical importanc 
more familiar, meani 


at the 
monstrated that es 
the response item 1% 


н n- 
occurrence in a la 


ante $, or digits. For non- 
i nt trigrams, familiari measure 

by such things as the frequency With which the arity can be 

word follows the first in ordi 


non- 
rdinary Engli Second letter of the 


termined by means of subject ratings 
correlated with each other, and each 


?E. Martin, "Relation Between Stimulus Recognition 


and Paired-Associ te Learning.” 
Journal of Experimental Psychology, 1967 (74), 500-505. Ociate 


Acquisition: Verbal Learning Dynamics 335 


Of paired-asso¢; Я н 
hao red-associate learning. Of the three, Underwood and Schulz found 
Pronounceability was the most important factor.? 


Response Sets 


Nou and his colleagues have demonstrated that during paired: 
Seals x earning subjects develop a set to produce the correct responses. 
ons "s s сап be thought of, using the terminology of McGovern, as associa- 
list. Ty om contextual or list-name concepts to each of the responses in the 
of Mx i PNEU are logically different from the specific associations 
vot sumulus item to its response item. As will be discussed in the 
tae оп storage, the loss of such response sets 1s one factor that pro- 
— orgetting in paired-associate recall. Indeed, when a subject first 
Sa list of AB pairs and then a list of AC pairs, one of the important 
Actors in the retroactive interference caused by 4C learning on the subse- 
ee recall of the AB pairs is the development of a set to produce the C 
?ponses and the suppression of the set to produce the B responses. 
ds s Is no reason to postulate separate learning ч forgetting pro- 
iter for response sets that are different in kind from the more specific 
ins s associations. However, contextual-to-item associalions and 
Р 7l0-item associations are logically separate and worth distinguishing for 
Number of purposes. For one thing, the development of response sets can 
cur before the development of specific associations between the stimulus 
and response items. One source of evidence supporting this is that when 
Subjects make overt intrusion errors in paired-associate recall, these intru- 
Sions are vastly more likely to be other items from the list (intralist intru- 
Sions) than items from outside the list (extralist intrusions). Furthermore, 
= jects have typically learned to кееш the stimulus and the re- 
a) sets, since intrusions tend to be prec өлү of other response 
Ts rather than stimulus items 1n the list, even when the stimuli and 
responses are the same type of material (both consonant trigrams or both 


Words, etc.). 


Pair Association 
To perform correctly in a paired-associate learning test, one needs to d 
More than learn the stimuli, learn the responses, and develop Assoc о 
Tom the context to the set of responses. One must also form s 1903 
associations to link each stimulus item with each response item N pecific 

€ greater the degree of prior association between a stimulus a еса, 
SPonse (as measured for example by word-association tests) the gr o 
Speed of paired-associate learning. greater the 


and Schulz, Meaningfulness and Verbal $ 


a 
Underwood Learnin 
А . J. Underw “Criti 8 

‚ "See L. Postman cob n nderwood, “Critical Issues in Interference TI 5 

Cognition, 1973 (1), j neory.” Memory and 
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‘der that the as 

However, a growing number of memory theorists nde en 
Sociation of stimuli and responses frequently involves the ii items of à 
chunk Tepresentatives that integrate the stimulus and response Without 2 
pair into a common image or verbal proposition C arning i5 
doubt the most effective variable influencing the speed of verba | “neman 
the degree to which subjects can employ visual imagery or verba ! ) a сот" 
ics of some kind to integrate the stimulus and response items int 
mon superordinate unit. 


| d es spee 
agery is an extremely i o 
of paired-z 1а i е egrate the two clement ii 
age or to make up a sentence шушын. the 
me ^ trong association between the items 

pair in a single triz T€ than five or six seconds. th 
monic of thinking of some concept с 
the stimulus апа response items, SU 
ements of the pair B-egg*: 


be 
:oksue rid 
vork. A mediator mM“ JE 
! À stituted a chain of tv 
tions for one weak iati 


at is 
h as 
can 


DEGREE OF LEARNING 


The first law of learning, as confirme 


" jes, 
2 : j : d by thousands of learning studi е 
is that memory improves with Practice, The 


asing number of conditioning 

robability of Correct recall of a response 

word to a stimulus word in Paired-associate learning increases with an 
increasing number of learning trials, 


Repetition, Retrieval, and Rehearsal 


Each trial of a paired-associate learnin 


: х 8 experiment presents a subject 
with a stimulus item for a brief period (typically two Seconds), during which 
зА. Paivio, Imagery and Verbal Processes. New York: Holt, 197), 
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the Subject must anticipate the response item. Following the two-second anti- 
Gpation interval, there is typically another two-second interval in which the 
stimulus and response items are presented together. This time can be used 
by the subject to check the correctness of his or her previous response and 
in engage in further learning of the pair. After all the pairs have been 
Presented on a given trial, the order of the pairs is rearranged for the next 
‘rial, Ina typical experiment it might require ten trials to attain a learning 
criterion, such as one completely correct anticipation of all of the response 
iteras in the list. Over the entire ten trials the total time devoted to attempts 
to recall the response items would be ten trials times two seconds per trial 


or s 3 2 o pairs 
m seconds in all, and the total amount of time spent studying the pairs 


E lowing recall attempts would also be 90 seconds. 
ne might think that the time spent in active attempts to recall response 
"ems would be so occupied with memory retrieval that it would not con- 
tribute to the acquisition of memory traces, but this definitely appears not 
to be the case. A great deal of learning occurs as a result of active attempts 
at Memory retrieval. A study by Gates varied the percentage of time allo- 
Cated to reading material to be learned as opposed to active attempts to 
recall that material (with prompting). Learning efficiency was greater the 
arger the proportion of time spent in active recall up to 80 percent of the 
total learning time. The advantages of active attempts to recall over read- 
Ps vary for different types of material and for different stages of learning, 
UL, after the first reading, it appears always to be beneficial for learning to 
attempt to recall what you have read.’ 7 : 
Further acquisition of memory strength can clearly occur as a part of the 
retrieval process. Many studies showing an increase in trace strength with 
an increasing opportunity for rehearsal of previously presented material 
e Support this hypothesis, since rehearsal in the absence of appropriate 
*Xterna] stimulus information 1$ essentially one type of memory retrieval. 
enever the material to be learned is within the span of immediate mem- 
Огу or for some other reason has а high probability of correct recall, it may 
Make little difference whether the subject has the material physically pres- 
Ent to study or generates it via the ET же баа Greater degree of 
€arning is achieved with greater stu y time either way. 


Acquisition Dynamics and Mnemonics 


to sum the total time spent in learning to a criterion of one 


If one were 
8A Gatx “Recitation as а Factor in Memorizing." Archives of Psychology, 
See McGeoch and Irion, The Psychology of Human Learning, pp. 507-10 
5L. R. Peterson ad Mo e rum Terro ееп of Individual Verbal It 
cyperimental FS) 08у, {797 (99), 195-98. S. Hellyer, * ems." 
Journal of Expe па presentation and Short-Term Decre ellyer, “Supplementary Report: Fre- 
quency of Simy 64), 650. ement in Recall.” Journal of Exper 
Psychology, 1962 (6%), 4 Experimental 


1917 (6), No. 40. 
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Е ight gain 
correct anticipation of all the response members in a list, one о неме 
the impression from the typical paired-associate learning i p easiest 
tens of seconds or even minutes were required to learn some o -couireditó 
word pairs, but that would be a gross overestimate of the ш е under 
establish a reasonably high degree of strength for a single associati ольан 
other conditions. When subjects are given mnemonic me image 

i mbedding both members into a common pog ЫЕ to 
Or six seconds is typically sufficient studying urs oF 
trace that will last for retention intervals of ho 
ing. 'undamen- 

acquisition time represents a fun: direct 
associations as opposed tQ: H ingfu 
ural rote learning and ia 
jects requently report using s суре 
devices of one kind or ; i ary paired-associate learning MIA re 
iments despite the absence of instructions to do so. The greater Um nent 
quired to learn a pical Paired-associate learning exper! 
could result either from direct 


jate 

F Г > ciat 

: typical piper to 

- First aus sence PIU D. 
>j i i emo! 

are less efficient їп generating mn s the 


А g procedure limit 
а pair on any give trial. 
A study by Bugelski, Kidd Y given tria 


n 
: й t. 
| serial learning contex on 
experiment, the task Was to learn a list of ten comm 


n words tha 
“One isa bun, two isa shoe, three is a tree, four is 4 
5 sticks, seven is heaven, eight is a gate, nine is wine: 
and ten is a hen.” As each word in any particular list was called out, the 
subjects were to generate a mediating Word for its serial position and gen- 
erate a visual image integrating the mediating worq associated with the 
position and the test word presented at that Position. For example, if the 
third word in the list was knife, subjects in the mnemonic condition were to 
generate the mediating word tree ass 


Ociated with Serial position three and 
form a common image for kn 


ife and tree Such as a "knife Sticking into a 
tree.” At the eight-second rate of presentation, this visual-image moeroe 


resulted in a substantial facilitation of the amount remembered compared 
to the control condition in which the mnemonic was not used. However, no 
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benefit whatsoever resulted from the mnemonic when words were pre- 
sented at the two-second rate, because two seconds is not enough time to 
Benerate the rhyming word and integrate the two words into a visual image 
ew benefits learning. Somewhere between four and eight seconds appears 
9 be necessary under the conditions of this experiment. 
тё When subjects are presented with pictures to be remembered rather than 
quired to generate them, a substantial level of learning 1s obtained with a 
"end time of one or two seconds per picture. Potter and. Levy studied 
«cognition memory for pictures of such things as outdoor scenes, in- 
sho.» people, animals, and food, avoiding similar pictures. Subjects were 
p à film containing 16 different pictures presented at amate ranging 
iig a tenth of a second per picture up to two seconds per picture. Follow- 
presentation of the 16 pictures, recognition memory for these pictures 
Was tested by presenting the 16 pictures mixed randomly with 16 new 
Pictures, Subjects were required to decide “yes” or “no” regarding whether 
Each test picture was in the previously presented set. The probability of 
NS identifying a previously presented picture, along with the false 
Bnition rate for new pictures, as а function of the study time per 
з is shown in Figure 13-1.!° t 
uc Course in this case the retention intervals w ida ru pum since the 
§nition memory test occurred immediately following presentation of 
басһ set of 16 pictures. At such short retention intervals, a two-second 
Study time per picture achieves almost a maximum recognition memory 
Performance. A greater amount of study time might be necessary to 
achieve a level of strength sufficient to last for a longer retention interval 
and overcome greater amounts of retroactive interference. Nevertheless it 
15 clear that a substantial level of acquisition of image memory for pictures 
can be achieved with study times on the order of two seconds, and some 
€gree of learning is achieved even with study times as short as one-eighth 
ofa second per picture. И х "m 
Figure 13-1 suggests а gradual increase in acquisition of the image mem- 
Огу trace with increasing study time, but remember that such apparently 
incremental average curves could result from very abrupt, all-or-none 
Sarning processes occurring after randomly varying amounts of study 
time. Furthermore, a picture consists of a number of parts, and the in- 
crease in trace strength in Figure 13-1 might result from an all-or-none 
learning process for each of the component parts of the picture. From this 
Standpoint, whether one views acquisition ofa memory trace as н 


а depend upon how finely ane s. all-or-none 


Or incrementa ishes to analyze the 


Г i, E. Kidd, and J. Segn "Im: 

в. R. Bugelski, E а J. Segman, "Image as a Mediator ; 

Associate Learning: Journal of Experimental Bidali, 1968 D ar pha 
юу. C. Potter and E. I. Levy, "Recognition Men миги 

Journal of Experimental Psychology, 1969 (81), 10-15. 


One-Trial Paired- 


nory for a Rapi 
y fora Rapid Sequence of Pictures," 
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Figure 13-1. The Probability of responding "yes" to an old Picture and "yes" to a distractor x 
each rate of presentation in Potter ang Levy's experiment. (Copyright 1969 by the America 
Psychological Association. Reprinted by Permission.) 


500 1000 2000 


Log Scale 


ni © memory trace of increasing 
acquisition time: (1) higher initial level of a i 
and (2) lower subsequent forgettin 
over a retention interval. 
The dynamics of acquisition would be 


i зану simple to describe if 
the only effect of longer study times was to rais 
tion without any effect on tl 


; ence (largely on the basis of a 
priori plausibility but also with some experimental 


Support) that increasing 
the level of acquisition does not produce faster fo. he forgetting 


Acquisition: Verbal Learning Dynamics 341 


rate either remains invariant or decreases with increasing level of acquisi- 
Чоп. Unfortunately, some experiments support invariance and some sup- 
port a decrease in forgetting rate with increasing level of acquisition.'! 
Furthermore, comparisons of forgetting rate for conditions with different 
degrees of learning are complicated by the fact that what one obtains asa 
Measure of forgetting rate depends critically on one's choice of a measure 
of memory strength. There are many cases where one can come up with 
any of the three possible relations between degree of learning and aid 
"ng rate (increasing, invariant, or decreasing) from the same set of c ei a 
choosing various commonly employed measures of memory mu п. B Н 
Че absence of an established theory of memory dynamics, there is no way 
to know which measure of memory strength to use. — rrr 
‚Ге discrepant findings can be resolved by the followme 1» A uU 
First One assumes that there is no intrinsic relationship between le es 
Acquisition and subsequent forgetting rate» that forgetting d Se d 
"variant with the level of acquisition. However, increasing gs уш n 
bd теша ce Ti e. > pp a ке may 
ace with ; em feros -ate. For example, increasin 
permit violencia pe уаш or verbal mnemonic. Set е 
ically learned associations may be less similar to material Masini їп he 
retention interval and therefore be less affected by retroactive interference. 


Mnemonics and Forgetting Rate 


Embedding a pair of words into à common image кү Peu 
acilitates learning the association between the words, but does it also facil 


ate retention? A number of studies have claimed to find slower forgetting 


Or mnemonicall -oded material. Bower and Clark found a dramatic 
iff te ored mnemonic encoding of lists 


ifference i ion that fav 

nce in long-term retention а x M 

9f words into a icine story over any encoding used by control subjects. 
time and both recalled the list 


oth grou 2 int of study 
ps had the same amov i 
9f words ресей on an immediate retention test, but on the delayed 


Tetention test (about 15-20 minutes later) the subjects who had made up 
narrative stories recalled 93 percent of the words, while the control subjects 


recalled only 13 percent.” 

Bower and Clark’s study is not d 
Not necessarily equal for the two groups 
Performance by two groups on an imme 


efinitive because degree of learning was 
When one obtains close to perfect 
diate retention test, the groups 


?! Peterson and Peterson, "Short-Term Retention." Hellyer, "Supplementary Report.” W. A, 
Wickelgren and D. A. Norman, "Invariance of Forgetting Rate with Number of Repetitions in 
Verbal Short-Term Recognition Memory.” Psychonomic Science, 1971 (22), 363-64. W. A. Wick- 
elgren, “Trace Resistance and the Decay of Long-Term Memory.” Journal of Mathematical 
Psychology, 1972 (9), 418-55. 

12G. H. Bower and M. С к “Narrative Stories as Mediators for Seri bitine 
Psychonomic Science, 1969 ба сае ын erial Learning. 
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з \ К t rcent 
might have vastly different degrees of overlearning to which the pere : 
MC nn , П 
Correct measure is insensitive, То my knowledge no study pact x 
Superior retention for mnemonically encoded material has adequately 


WOO 3 . . i or- 
equated initial degree of learning. In this regard one must note the imp 
tant point made by Underwood that 


: te, although embedding both words of a pair into a senten 
substantially Increased the rate of learning. 
What is one to make of this? There has not yet been enough methodolog- 


" 2 ге 
€ to a definite conclusion, but based on what iid 
rning and memory, mnemonic encoding shou 


t to Interference more than rote encoding, if rote €P- 
coding means Phonetic or graphic encoding. However, subjects in the rote 


control condition (given standard paired-associate or serial learning 11" 
structions) may eventually encode the material in much the same way that 


mnemonically instruc rming images ог propositions may 
be essential to achieving a high criterion i 


equivalent н ae 
valent too and no dif- 
on could be observe, 


Furthermore, differences jn for; i 


to expect slower forgetting fo 
see in Chapter 14, there is g 
ting that occurs over retenti 


of decay, unless subjects are required to learn highly 
ing the retention interval. 


t most of the forget- 
few days is the result 
Similar material dur- 


"В, J. Underwood, “Speed of Learning and Amount Ret. 


б ained: SONA mdr 3 
Methodology." Psychological Bulletin, 1954 (51), 276-82. B. J. Underwood "pConsideration ur 
and the Measurement of Forgetting." Journal of Verbal a 


Learning and Verh в ее of Learning 
112-29. See also L. Postman, "Does Imagery Énhance Long-Term Retentions 7 152 D 
Psychonomic Society, 1974 (3) 385-87. ulletin of 


"К. M. Окоп, “The Effect of a Mnemonic upon the Retention of Paired-Asson; Р 
Material." Journal of Verbal Learning and Verbal Behavior, 1969 (8) 43.48 Ssociate Verbal 
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Th 
е Application of Mnemonic Methods to Education 


a laboratory demonstrations of the effectiveness of imagery and 
mnemonics in paired-associate learning have led to improved 
arning. Such vocabulary learn- 
Atkinson z a 1 -associate learning, and 
speed up pie Raugh have shown that mnemonic methods can substantially 
pairs. Ha таом ning of both Russian-English and Spanish-English vocabulary 
mMnemon; as Russian-English study the increase 1n the effectiveness of the 
(Ош, ie method over the control group (not instructed in memon 
preni 2 was 50 percent; in the Spanish-English study X was ow. 200 
but it їз ou can learn foreign-language vocabularies by пав WIC 
At Sd n obviously be wise for you to try to use a mnemonic metho s 
oreign and Raugh suggest the keyword method. First s pronounce Е 
облус мога (for example. the Spanish word caban козу, 
Mey meaning horse) and think of an English e bo A ie 
ем fo tt, perhaps by phonetic similarity (such anpe Ed H ie 
Englis} ual image or sentence that relates the English (€ (oe) а the 
Фор, translation (horse) in some way- You might imagine a horse with one 

ous eye in the middle of its forehead or a horse kicking someone in 
to) Eo (You will not soon forget that last image. though you might like 
NAA lost people who have learned foreign-language es a 
id. Something close to the keyword method for many yor і pairs, but 

Ng this method right away for all pairs greatly speeds learning. 


metho Зен 
ing is ds of foreign-language vocabulary le 
$ a pretty direct real-life analogue of paired 


LE 
VELS OF PROCESSING 


at the lower structural levels, such as 


As уу ; 

the 5 we have already noted, encoding 4 

i Phonetic or graphic levels, should be associated with greater susceptibil- 
Y to interference from processing subsequent stimuli than encoding at 


КЫ semantic and image-operational levels. This means that under most 
ieee the forgetting rate for traces stored at lower levels will be 
i de rapid than the forgetting rate for traces stored at higher levels. The 
e. er the level of processing, the more distinctively the stimulus has been 
oded and therefore the less likely it is to be similar to subsequently 
Aa ue antem. Lower similarity: © subsequent шей орна less re- 
a T interference and therefore slower forgetting under many circum- 
This theory is approximately the same as that advanced by Craik and 


isp А СОГД" 
For a review see R. C. Atkinson, “Mnemotechnics in Second-Language Learni 
earning.” 


American Psychologist, 1975 (30), 821-28. 


344 Acquisition: Verbal Learning Dynamics 


es 

TM as definite advantag 

Lockhart.!5 Their "levels-of-processing model has o un Between 
à 2 ruis 

over earlier multistore theories, such as those that distingu in the level 

short-term memory and long-term memory. In the first place, 


^ acquisi- 
one dynamic type of trace and one set sae 
5 are required. Second, differences 1 lifferent 
mon law of interference producing 3 Ang at 
Pending on the distinctiveness of enco 
the different levels of proce 


а ‚ different 
5sing. Third, the hypothesis of many diffe 
8 distinctiv 


А tes 
rg Я : ng rà 
nditions. If only two different torge imb and 
had been found, r a simple dichotomy between short-te 


multiple-levels-of-processing approach 
with the data. Fin 


$ : erefore 
trace is to interference and there 


: t 
к sten 
phenomena that are consi 
Processing or encod; 


EK. sis will be 
oding distinctiveness hypothesis wil 
discussed in the remainder of this section, 


ata phonetic ley 
at that p d 

ic level. Thus with the adde 
study time one might strengthen associations bet: 


И 
ween the word and one 0 
to. 


mere rehearsal 


Е, I. M. Craik and В. S. Lockhart, “Levels of Processin : A Framewo 
Résearch D йд of Verbal Learning and Verbal Behavior, 1979 (1 


rk for Memory 
1), 671.84, 
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ley, 3 

sone каиа, let alone affect the decay rate.!? It is quite possible that 

study dr ME in degree of acquisition are obtained with increasing 
material 1 more from continued generation of new ways of encoding the 

a single о from continued strengthening of the same trace. When only 
ayes Nin is used by subjects, the point of diminishing returns in 

time, earning may be reached rather quickly with increased study 


S 
Peed Reading and Retention 


ei nens of speed reading claim that you can drastically increase your 
[DUNS Lade without loss of comprehension. According to the lev els-of- 
Is availal курашы the more rapidly material is processed thé less time 
шшген е for distinctive encoding, and therefore. the more rapidly the 
ified | e discussed, this has been amply ver- 
contexts. Direct studies of retention 

that a faster reading speed is 


after 
associ | 6 
Аа ind poorer retention of the 


al wi " 

3 l will be forgotten. As we hav 
c experimental studies in other 
Cading at different speeds indicate 
ated wi ач 
Жарды: vith poorer comprehension 4 
Material is I I 

ces in which one does not need to 
reads, when a rapid skimming of 
ants. Furthermore, once one 


л what is being read, some- 


sen gh oats there are many circumstan 
he Ke aie retain very much of what one re 
Makes uox 1S enough to get what one w 
imes ü дарак decisions are contingent i dh Mis Mer : 
circum, here is no further need to remem er - F й | а А ae 1 
Since stances rapid forgetting 1s an advantage rat Bet than a ien vantage, 
With it reduces the potential for associative interference of that material 

other material. For such purposes 1t can be a decided advantage to 


dey, 

Уе Өр the speed reading (skimming) skill, and for many рее the de- 
Pment of such skill might well be worth the cost. The important thing is 
Now what skill you are acquiring, what its advantages and disadvantages 

©, and therefore when to use it and when not to use it. 

he critical thing for most of the material you learn in school is to 


Under DE i ats 
derstand it, which means encoding it in a way that makes it distinctive 


17 


Mer 
A 


V. Modigliani “T fer of Information from Short- r 
gliani and J. G. Seamon, ranste! ai E ort- to Long-Term 
огу.” Journal poder Psychology, 1974 (102), 768-72. G. F. Meunier, D. Ritz, and J. 
"d €unier, “Rehearsal of Individual Items in Short-Term Memory. Journal of Experimental 
m hology, 1972 (95), 465-67. F. I. M. Craik and M. J. Watkins, “The Role of Rehearsal in 
and Verbal Behavior, 1973 (12), 599-607. A. E. 


aa Memory.” Journal of Verbal Learning 
Prim ward, Jr., R. A. Bjork, and R. H. Jongeward, Jr., Recall and Recognition as a Function of 
ary Rehearsal.” Journal of Verbal Learning and Verbal Behavior, 1973 (12), 608-17. D. L 


Нару R 1 ео? her 
(ogier, "Role of Rehearsal in Long-Term Retention. Journal of Experimental Psychology, 1974 
18 
29.9 P. Carver, “Speed Reader: 
igs - R. C. Graf, “Speed Read 
3, pp. 112-13. 


s Don't Read; They Skim.” Psychology Today, August 197 
ling: Remember the Tortoise." Psychology Today pacer: 
) ly, Е 
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: Е ; А to be 
from unrelated material and related to all of the things it ought sone 
related to in order for you to use it. Understanding probably е (я of 
А : te 1 
thing more or less than the development of such an adequate encoding 


aterial—that 19 
one has understood the material—tl 


€ you spend thinking about material you ss 
g it to Previously stored material is about the eo 
learning any new subject matter. From ses 
€asured in words per minute is of little н 
€ speed with which you are forming releva 


: : an 
cen the material you are reading and concepts 4 


Propositions in your associative memory. 


Incidental and Intentional Learning 


: : d 
8 paradigm Subjects know while being expose 


an 
ater be tested. In 4 


s n- 
Subsequent forgetting. o 
ilitating learning only to t at 
erial in a manner differer 


races.!? It is the type e 
races established, in 


x əy a 
> Independent of whether 4 
Processed, 


mory tr. 
cessing is completely at a phonetic level. 


ce recall of a list о 


f words i TRR al 
i i 2 Ñ Sm an incidenta 
learning paradigm as a function of three different orienting tasks: crossing 
out vowels, copying the words, and judging the extent to which Each word 


was an example of the concept “economic.” Free recall of the words follow- 


1L. Postman, "Short-Term Memory and Incidental Learning,” EAW 
Categories of Human Learning. New York: Academic Press, 1964, РР. 145-20], 
“Remember That Old Theory of Memory? Well Forget It.” American Ps 
785-95. 


Melton (ed.). 
J. J. Jenkins. 
Ihologist, 1974 (29), 
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in à 
оши апкашан task was twice as high as recall following the 
etter-procese task, which in turn was twice as high as recall following the 
the level of sng task. I his is consistent with the hypothesis that the higher 
the slower с of the material, the greater the degree of learning or 
Ohnston he pae of forgetting or both. Studies by Hyde and Jenkins and 
Verba] mr e Jenkins support the same conclusion—that processing of 
traces хее а lower phonetic levels leads to weaker or less persistent 
EN. ui ү OcEssing material at higher s Е Mee" 
ace is pre ме Karlin have shown that the more extensively a picture ofa 
асе, If Sirius the greater the subsequent recognition memory of the 
during iia jects were required to make a relatively superficial judgment 
Memory ian acquisition, such as the person's sex. subsequent recognition 
Judgmenr. asipooren than if subjects were required to make a more complex 
under ani such as likableness or honesty. T he same relationship held mue 
quently м 1 intentional and incidental learning instructions. Also, as is fre- 
cid esi there was no significant difference between intentional and 
import; al learning instructions. Itis the mode of processing of input that is 
i ant, and when this is controlled, intent to learn is either much less 


Mpor 
br randi totally unimportant.” 

Member e level of processing not ¢ 
ter 19 js üt also what properties of th | aar eed ase ede 
Proces Ne discussed the classic study by Sachs and re ated к u ies ih which 
опу]; SB of connected discourse larg: at the semantic level produced 
for Fidis memory for the meaning of sentences but virtually no memory 
other particular words or syntactic structure of the «шере, Under 
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è oe aspects of sentences, these lexical and syntactic properties сап 
membered for substantial periods of 


ee г time, although not so well as 
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i oe information, since there is an intrinsic difference in the suscepti- 
Y to interference. 


emantic levels.?? 
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e input are remembered. In Chap- 
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cen-trial forgetting.?? So if one mui 
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ated the typical spacing effect with 


Hir " 
матап and Rogers demonstr 
earse and do not appear to 


memory for pi 
ы! for pictures that are difficult to reh 
Fast rom the opportunity for visual rehearsal (see Chapter 14).75 
hermore, there is some evidence that the spacing effect in acquisi- 


tion į 
is 1 din : : : SBS А e 
not because of superior unconscious consolidation of the first repeti- 


ц 
in gus of superior learning of the second repetition the greater 
whether ii between it and the first repetition. In the attempt to determine 
tion of t] ^ spacing effect resulted from superior learning or consolida- 
attempted irst or the second presentation, Hintzman, Block, and Summers 
visual "a ben tag each presentation separately by using different modalities 
judgmen, auditory). Subjects were asked to make a number of memory 
опе or € such as the frequency of occurrence of ditterent wards (zero, 
оп the s and the modality of presentation of each pendit Bee. Focusing 
tion, the одају judgments, which constituted the tag Бағ presenta- 
Or the | evidence indicated that close spacing tended to reduce memory 
Or the modality of the second presentation and had no effect on memory 
ality of modality of the first presentation ^* Thus if memor y far the mod- 
Behera ы event is correlated with the amount of memory for ше еуеп їп 
‚ the spacing effect appears to be the result not of a reduction in 


Consolidat; У ia 
tion o dation of the first occurrence but rather of a lower level of acquisi- 
of the second occurrence, the more closely it follows the first. 


bust have been some attempts 10 attribute the Pani, se чо a 
Wade. encoding variability on the two learning trials, the greater the 
occur §—that is, that subjects encode the same word differently on its two 
ing i and that the probability of this increases with incr eased spac- 
leen: his hypothesis assumes that encoding variability is beneficial for 
o sinc that a higher level of learning or а slowet таге of forgetting 1s 
Sine ed for two different encodings of an item than fora repetition of the 
т Hintzman has reviewed the ве with respect to the 
conduse variability explanation of the spacing effect and come to the 
anoth n that one version of this hypothesis appears untenable but that 
йй ет is not contradicted by the known information, though there is very 
ма irect support for it.27 It seems best to suspend judgment about the 


ex а " 

: periments controlling degree of learning 
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rning trials in the massed prac 


25 ; . " " 
D. L. Hintzman and M. К. Rogers: “Spacing Effects in Picture Memory.” 
Б у.” Memory and 


Cognition, 1973 (1), 430-34 

*D. L. Hintz f і 1 i 

tig ee zman, R. A. Block, and J. J. Summers, Modality Tags and Memor " 
ons. Locus of the Spacing Effect." Journal of Verbal Learning and Verbal Behavior, M 


зң; P А 
intzman, “Theoretical Implications of the Spacing Effect." 


350 Acquisition: Verbal Learning Dynamics 


criterion as in the spaced practice condition and found that spaced practice 
had little or no beneficial effect on subsequent retention.?? Now the pen- 
dulum is swinging in the other direction. Keppel distributed learning over 
a four-day period, with two learning trials per day in the spaced-practice 
condition compared to massing all eight trials in one learning session on the 
same day. When he measured retenti 

eight days, he found that with suc 
learning trials, forgetting follow 
slower than forgetting following 
lower final degree of learning w 


ypothesis that higher de- 
ociated with slower forgetting rates.) 

'5 experiment deserve mention. Keppel 
oactive interference by having subjects 
learning the critical AE list under either 
s heavy degree of proactive interference 
of the difference in retention of AE list 


| massed practice conditions. Keppel also 
compared retention under distributed practice (DP) with two massed prac- 
cts learned the fourth AE list on the same 


learned it three days later (MPd) 
subjects had the first 


then two additional trials on ea 


can be seen in Figure 13-2, dela 


°*For a review of the idea that spa i Р 
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ning.” Journal of Verbal Learning and Verbal Behavior, 1964 (3), 
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Mean Correct Responses 


Retention Interval (days) 


Figu ә 
ге 13-2. Retention following learning by distributed (DP) vs. massed (MPd + MPs) prac- 


tic 
€ (from Keppel by permission). 


ene the studies that have failed to find a facilitative effect of spaced 
last fens on retention are those where the total time between the first and 
practicar trials was not very different under the massed and spaced 
trials a The reason for this is that a larger number of learning 
Partün ет equired in the massed practice conditions to achieve the same 
Point ba lei" as in the spaced practice condition, so from this view- 
Satin ere was little difference in the degree of temporal dispersion of 
facilitas e. these comparisons. Most of the successful demonstrations ofa 
ing ids effect of spaced practice on retention are those in which learn- 
distributed over a greater total learning period, such as in the study 
ре Furthermore, the Keppel experiment demonstrates that the 
E retention produced by spaced practice is in no way because spaced 
ce produces a higher initial degree of learning than massed 


Practice,30 
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when you think you have completely forgotten the material. From a practi- 
cal standpoint this is almost always true, because people usually underesti- 
mate how much they remember of a previously learned subject. If I esti- 
mate my memory for high school Latin vocabulary on the basis of the 
number of Latin-English word pairs I can freely recall I will grossly unde- 
restimate my memory for Latin vocabulary. Cued recall of the English 
translation, given a Latin word, provides a higher estimate, and recognition 
memory for Latin-English word pairs will give a still higher estimate. Rec- 
ognition memory scores can be substantial when free recall is zero. 

It is hardly surprising that relearning to some criterion is faster when the 
strengths of your memory traces are already closer to that criterion than in 
original learning. Virtually all laboratory studies of relearning have not 
used the most sensitive recognition test to assess the strength of memory 
traces prior to relearning. Also, in most relearning experiments memory 
performance was not at zero at the time of beginning relearning, even by a 


recall test. Hence, the greater speed of relearning than original learning in 
these cases can be simply attributed to starting from a higher level of trace 
strength. 


prising and of greater theoretical significance if 


: when recognition memory scores were at chance. 
Some unpublished experiments of my own have given no support to this 
hypothesis. Relearning was not superior to origina] learning, nor was reten- 
tion following relearning any different than retention following original 
learning, when care was taken to wait long enough so that recognition 
Scores were essentially at chance before beginning relearning. Tom Nelson, 


arning of previously learned pairs that 


“T, O. Nelson 


‚ “Savin 
ing and Verbal Be, one 


havior, 197] (10), 568.76 
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Sharply between proactive interference and negative transfer, which is a 
negative effect on the acquisition of a list owing to prior learning of similar 
material. There is no question about the importance of distinguishing the 
effects of a variable on acquisition from its effects on retention, however 
Such distinctions between acquisition and retention need to be made for 
every variable that affects learning and memory performance, and in my 
opinion it is easier to keep that general rule in mind than to generate 
different names to differentiate the effect of every variable on acquisition 
and retention. Hence, the term proactive interference will be used here to 
refer to the effects of prior learning on both subsequent learning and the 
retention of that subsequent learning. 

Our understanding of the nature of proactive interference has been 
8reatly advanced by findings that indicate that prior learning of an 4B pair 
has no effect on the rate of forgetting for a subsequently learned (similar) 
AC pair, as measured by recognition tests.32 As we shall see in Chapters 14 
and 15, recognition is less affected by some of the retrieval interference 
factors that affect recall. For example, when a subject attempts to recall the 
associate of A on the second list, there may be competition between the B 
and C items. Such competition is known to increase with increasing reten- 
Чоп interval, as the subject gradually forgets which item, B or C, was en 
“th bst and which in the second. As — vehi энөө e ed pen 

er in Chapter 14, subjects appear (0 evelop а s P 


i 7 
"éSponses in the list that they are currently learning and to suppress any 
ame stimuli. During the reten- 


Previously established response sets for the s en 
Чоп анаан following к learning, the set for the Hm ie 
“Ponses diminishes and that for the first-list responses recovers. uch 
changes in response set and decreases in list differentiation with increasing 
ofan interval apparently cause the аб жет. nero imn 
oe AC li it is pr imilar ist than w 

Е E demissa n cede ar DB list” Thus, the faster forger 
Ung of a баг БЕР D preceded by à similar list (proactive aaa effect 
fa retention) is a phenomenon limited to recall tests of memory and is not 


Оппа on recognition tests. Hence, there is no reason. 
asic Storage dynamics for AC associations is in any way a 
Presence of previously learned AB associations. -—— 

There is however a rather consistently observed negativ p n 
€arnj 1 м bsequent similar associations—that is, the 
ically lower when it has been 


n to believe that the 
ffected by the 
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"OP T 
learning). This proactive interference effect on learning is чолы. 
d ined M but it has happened often enough to indicate that there 
he ‘effect on subsequent learning of prior Similan i н anaes 
Some of the biggest and most consistent effects have turne nen rim 
of short-term verbal memory. Keppel and ои заанен 
the item presented on the first trial of an experiment is di oo d 
remembered or both over retention intervals varying from 2 dr 
seconds than the item presented on the second trial, which in dx 
superior to the item presented on the third trial. By the fourth Min ей 
proactive interference effects had appeared to reach a maximum, 


; - learning trials in 
performance did not subsequently deteriorate over later learning t 
the experiment? 
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nemory experiment. Pus P 

| : | i r trigrams 15 
illustrated in Figure 13-3, if à group remembering letter trigra 


É Wis uo 5 а Е mark- 
Switched to digit trigrams on trial 6, performance on trial 6 will be > ceri: 
edly superior to a Broup that learns digit trigrams throughout the exp 


: ing and 
to control for differences in seare mE р 
memory because of different types of material as well as to contr 


control groups have either letters or digits throughout.36 Considerable Т^ 
lease from proactive interference is obtained by shifting to different n as 
rial to be remembered. Furthermore, а considerable release from ai 
interference can be obtained merely by Waiting for two minutes Бем 
memory trials,37 
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AROUSAL AND LEARNING 


Variations in Arousal During Waking 


One of the important factors influencing the degree of um redu 
and/or forgetting is the state of arousal of the organism at a кее | 
learning and shortly thereafter. As a crude generalization, hi dt 
during or immediately after learning is deleterious for long-term m v. 
and moderate to high arousal is beneficial, at least up to a poin жөн 
example, when drugs that act as depressants of the central пеон Lord 
(such as alcohol, chlorpromazine, ether, and nitrous oxide) are ad 


н А ds the 
during, or shortly after a learning exper тепсе, m 
term memory formation or retention in 


: ants (that 
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Some very startling results to the effect that material learned under high 
arousal was established at an initially lower level of learning than material 
learned under lower arousal but showed reminiscence (increase in memory 
Over a retention interval), while the material learned under low arousal 
showed forgetting, so that the retention functions crossed. At longer reten- 
Чоп intervals, material learned under high arousal was retained signifi- 
cantly better than material learned under low arousal, even though at short 
retention intervals the relationship was reversed. 

, S€miniscence has sometimes been obtained in subsequent studies, but it 
is Not the usual finding and to my knowledge has never been obtained 
using a recognition measure. Thus (as is typically true of reminiscence 
findings) considerable skepticism is in order concerning the reliability of 
the effect, to say nothing of its interpretation. There is undoubtedly no 
Increase in the strength of the memory trace in storage for material learned 
Under either high or low arousal, so that findings of reminiscence are 
Senerally either chance fluctuations or the result of some confounding with 
А e effectiveness of memory retrieval at the shorter versus longer retention 


niter ec EE 
"ed Vals. Both of these factors undoubtedly played a role in the Kleinsmith 
K 


Ver : Mu os 
te е degree of learning established by high arousal material is not 
variably 


nder 


bee 


hig recognition tests, it cannot be concluded that material learned under 

ung arousal has a lower forgetting rate in storage thana material learned 

Some. OW arousal until this effect is confirmed by recognition tests, and 
at - ‘ae iti ге failed.?? 

On “Тїрї to confirm this using recognition tests have 


doe, „© basis of both physiological and human experimental studies, it 
Pear that high arousal facilitates memory measured at long reten- 
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ing. Ora Téview see E. Levonian, "Retention over Time in Relation to Arousal During Learn- 
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Recall Performance 
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Figure 13-4. Crossover effect in retention of material learned under high versus low arousal. 
High arousal at the time of learning sometimes but not always produces slightly poorer learning. 
but it generally produces slower forgetting, as measured by recall tests. 


tion intervals, but it is not yet possible to decide whether the effect is е. 
degree of initial learning ог subsequent rehearsal, rate of unconscious CO! 
solidation, or reduced susceptibility to the forces producing forgetting: 


Sleep and Learning 


The previous section was concerned with the effects of only moderate 
fluctuations in degree of arousal for waking organisms. The most extrem" 
manipulation of arousal that typically exists in daily life is the fluctuatior 
between the sleep and waking states. Some years ago there was a flurry vi 
interest in whether human beings could learn while asleep. Devices wet 
marketed that could present recorded material to the sleeping learner: ES 
the person was supposed to learn virtually without effort. Such dd 
have great appeal to people who want something for nothing, and t t 
turned out to be yet another fraud. When care was taken to insure Des 
subjects were completely asleep as measured by electroencephalograph? 
(EEG) recordings of brain waves, subsequent tests of recall and recogniti? 
of material presented while asleep showed no evidence of learning.” 


33W. Н. Emmons and С. М. Simons, “The Non-Recall of Material Presented During Sleep. 
American Journal of Psychology, 1968 (69), 76-81. S. W, Keele, Attention and Human Perform 
Palisades, Calif.: Goodyear, 1973, pp. 38-41. 
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However, the conclusions that sleep learning is impossible for auditori- 
ally presented verbal material should not be interpreted to exclude the 
possibility of all learning while asleep. It has been demonstrated that simple 
Classical and even some kinds of instrumental conditioning are possible for 
human beings during sleep. When Beh and Barratt presented either a low 
or a high tone to sleeping subjects, the tones had no effect on brain waves as 
measured by the EEG. ‘By contrast, a strong electrical shock produced a 
Particular EEG pattern known as the K-complex. When the low tone was 
used asa CS paired with the shock US, the low tone eventually came to elicit 
the K-complex, while the high tone did not.** Thus, differential classical 


C Т ИНГ 2 re iti Ü 
Onditioning can occur during sleep. Furthermore, the conditioned re- 
g 


Sponse established during sleep transferred to the waking state. 
Even instrumental conditioning can apparently occur during sleep. 
Me presented a high tone to sleeping subjects, followed in 15 sec- 
ds by a loud bell that awakened them. Subjects could prevent the ringing 
of the cond interval after the high tone. 
dc ter Several weeks of training in a few nights each week, subjects gradually 
quired the instrumental switch-closing response to the high tone.” — 
r gris no quarrel with the demonstration of classical conditioning during 


diu but it is likely that only very special types of instrumentally ps 
‘ned responses can be established during sleep. For instance, im the 
Il elicit reflexive clenching 


“петр ехрегіте > loud bell may very we 
of the hand in c ака Ser 4 in switch closures. To the extent 

^! the bell served as a US eliciting the switch closure response Em б 
ана experiment would actually Бе а i ico ке е Шке. 
tion paas we have seen in the case of poca a Ир с eis pen 
ple veen classical and instrumental conditie g y 

tely clear, 
7 any event it appears useful to distinguish be 


bell by closing a switch in the 15-se 


tween higher conceptual 


ine hing and lower-order conditioning in discussing the pn olea n 
Б during slee Keel inted ош.48 Some types of conditioning ap- 
Pear to LO е аон rm er-level conceptual learning in- 


© possible during sleep. but high: oria] sense: HOWEVER, 
>y external stimulation is impossible in any P 
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every night. Typically, we recall very little of it the next day, but we can 
remember dreams in detail if we make a deliberate effort to remember 
them by writing down whatever we were dreaming about just before we 
awoke, so obviously some memory is established during the dreaming state 
and can be recalled during the subsequent waking state. 

The retention of dreams may not be so short lived as it is usually thought 
to be. Considering the associative character of longer-term memory, we 
would not typically recall dream contents without appropriate вш Sine 
the cognitive content of dreams is frequently a rather distorted version е 
reality, it would not be surprising if few circumstances in real life ha 
sufficient conceptual similarity to the contents of dreams to evoke associa- 
tive memories. If such memories were evoked, it is very unlikely that We 
would know what to make of them. For example, it is logically quite posst- 
ble that déjà vu experiences sometimes result from similarities betwee? 
current experiences and previously dreamed experiences. semi 

Recall of dreams appears to show the same beneficial effects of repeti 
as recall of material learned while awake: the more frequently a drean 
occurs, the more likely we appear to be to recall it. ull 

Finally, there is some scattered evidence that externally presented €: " 
can intrude into and influence dreams. This means, of course, that in “si 
most general sense external stimulation can produce conceptual learning 
during sleep by initiating a dream. However, the contents of the concepu^ 
experience so elicited and the memory traces that result from it ee 
completely out of experimental control, that, whatever the possible theo! = 
ical significance, it would not appear to have any practical significance 
learning a systematic body of conceptual material while asleep. 


SUMMARY 


1. Conceptual learning can be considered to have two component in 
learning concepts and learning propositions composed of fam! 
concepts. Each stage may be accomplished by chunking. ‘ally 

?. The level of acquisition increases with increased study time, especia 
if the study time is used to generate new encodings. Beyond the меса 
few seconds, rote rehearsal of a single encoding may primarily mM‘ 
tain the trace at the acquisition level established by that encoding: re 

Active attempts to recall appear to enhance level of acquisition ка 

than passive reading does. 


: чн <1 bse" 
4. Level of acquisition probably has no direct effect on the rate of SU 
quent forgetting. 


: М " Р mory 
5. Higher levels of processing (such as semantic) result in a Me! 


2 
А с К the 
trace that is more highly chunked and more distinctive from ° 


10, 


п. 


12, 
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traces; therefore it should be less subject to forgetting because of 
Interference. 
„өн wating is useful when you process material that you do not 
fs a tee ур very long. When you want to remember material 
think at g ume, you should take time to learn the new concepts and 
Ink about relationships between the new material and concepts and 
principles you already know. 
Intent to learn is of no direct imp 
€xcept as it causes you to encode material in distinctive 
ful Ways. И 


ortance to learning and memory, 
and meaning- 


h learning and retention, so if you want 


Space n 
paced learning improves bot 
divide your total study time for that 


еч omemba material longer, 
ч aterial over several days. 
um eal. (AB) reduces the rate of 
бай] a mg learning (4C) and produces m 
Ке (proactive interference), presumably 
ence. 


acquisition for subsequent 
ore rapid forgetting on re- 
because of retrieval in- 


association has no affect on recogni- 
learned AC association, which indi- 
AB learning on the forgetting rate 


daar learning of a competing 4B 
cates fei the fora subsequently 
in a there is no effect of prior AB ee, de em 
AS age of a subsequently learned (similar) AC association. 
for iB level of arousal at the time of learning сре : ат 
effect ic material but not recognition memory: he explanatio: is 
Si Is not yet known. 
кы conditioning appe 
dioe а some conceptual met 
locked a dreams. However, 
ternz rom the higher levels of the min 
nally presented material is not possible by 


Je during sleep, and we ap- 
mories for the contents of our 
external stimuli are largely 
d, so sleep learning of ex- 
any current means. 


ars to be possib 


14 Storage: 


Consolidation 
and Forgetting 


OBJECTIVES 


© 


To discuss the two possible functions of rehearsal: (1) maintaining нн 
strength of memory traces during a retention interval, and (2) proe 
ing the level of acquisition. To describe some experimental technique 
for controlling rehearsal. 

jus СОП" 


increas- 
e 


To describe the two principal hypotheses concerning unconscic 
solidation of memory traces during the retention interval: (1) е h 
ing the strength of long-term memory traces and (2) decreasing p 
fragility of traces to the forces of forgetting. Two versions of the ! ы 
creased strength hypothesis, conversion of short-term traces (0 FÉ 
term traces and independent consolidation of the long-term cca 
be discussed and judged unlikely to be correct. Considerable evide! n- 
will be produced to support the decreasing fragility hypothesis ofco 
solidation. | 

functio? 


To discuss the remarkably functional form of the forgetting nor- 
e 


which translates modest differences in degree of learning into 
mous differences in how long the memory lasts. 


To describe retrograde amnesia due to head injury, electroconV 


shock, and drugs, and to discuss its significance for theories of me 
consolidation. 


ulsive 
m ory 


events: 


To discuss one means by which w f con 


which derives directly 
solidation. 

Й : ad ios ў 
To describe five mechanisms of interference, several of which 


^ y 1 or © 
produce forgetting, and to evaluate the experimental support for 
mechanism. 


e may know the recency of 
from the decreasing fragility hypothesis © 


may 
ach 


. а B ~. ar 
To describe five lines of evidence su 


Zt 
j pporting temporal decay 
important cause of loss in storage. 
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i ; (circadian 
Е time of day ( 
8. To discuss the effects on memory of е е р А reten- 
| rhythm) and level of overall neural activity (ar 
БЯ 
Поп interval. 
9. 


I j ; quantita- 
itative changes or only q 
li hether unconscious qualitative chang 
9 discuss whethe 


А 'er a retention 
ilitv Ѓ тетогу оуе 
tive changes in strength and fragility occur in 
"е cha ges 5 
interval. 


T ie 
В -quisition and т 
; etween acqu š 
Me s orage phase of memory is the L vede i whereas acqui- 
E as ) lyn Ча 
i ы 5 are complete!) at. The funda 
eval. Most storage processes are со louis component 
Sition and nri. же a substantial ee the constructive processes 
- d € й : > М 
сао orage process fal into ewe quem 1solidation, and the destruc 
аве peas sal and cor wets eae 
rehearsal an -ess of which we 
that help preserve ory, rehearsa » оа 
reserve memory, dla 
tive фо а decay and interference. Rehearsé р 


БЕ torage. In 
2 tion and s 
= etween acquisi E ibus 
ч 8 a bridge betwee ТЕ WAS ACUSE 
Consciously aware, forms a bridg sal He We iom 
— d E e rocess, 2 à mainte- 
Many Ways rehearsal is an acquisition p but it also serves a trace ma 
that stand 


ku; ropriate to 
wee ma -hapter, appropriate 
andpoint in the prev e ee i process. It огары asd дедш 
function and is thus aim Apis Mr Me n of the storag PD 
gin TH eda with an favegrated rk analysis of the ре 
ion functi -- f rehearsal. This is pcc ews for and dicem " 
"uons of rehearsal. ^ eev vith relevan 
id: and th ibed along with r 
POtheses regarding consolidation | ribed a gne 
Jl heses “garding en of interference are eed evidence favoring the 
a ssible types c y ; E 
1 M o ` y tion is concerned es tes to forgetting, in c 
псе. The fourth sec " ribu iefly 
lptio deni -ocess of time decay МЕ ce. Finally, we shall tine | 
Puon that a pr ive effects of interference. uantitative changes 
lo the degradative effects litative as well as q 
i ч Fe аг 1ап 
Т whether there are qu 
“тоге. 


Dànce 


assur 


S during storage. 


REHEARSAL 


| ime you dial 

^ etit number and the ба аад 

wr s. Under these con ш 

- al short-term memory tra 
a 


z up a tele 
it Between the time you look Ea pec 
Оч may arse the number s jer! is high enough 
ге y rehearse і intain the V -ace strength is high i M 
Càrsa] Serves primarily to ma. As long as trace сага can obvious y 
gs эё. re 

i, Periodic renewal of the trace. llis 100 percent, 1 

a s -rect recall is 
m s the Probability of correct rece 

aint: à 


ially when 
sal is especially useful E 
—Ó pA We te, such as words a 
the j an a memory trace indefir селе 
it ) 


ively imilarity one to 
relatively f similarity о 
к гей are rela y ree of similarity one 
-h po рей тн ph in va ee of dissimilarity = 
s SR aterial. Words vary 7 | ic an 
anor verbal material. Wor ibstantially high account both phonet 
Sver, ^" but, each word has a ular taking into 
Ot > є - vocabulary. 
Sem; er word in our 
antic attributes. 
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By contrast, the frequency of pure tones can be arbitrarily close to one 
another, reducing the degree of dissimilarity between one tone and 
another to some very small value. In memory for the pitch of pure tones; 
rehearsal is much less effective in maintaining relatively subtle distinctions 
between the standard and comparison tones in psychological delayed- 
comparison tasks. Rehearsal of tones probably introduces a substantial E 
gree of noise into the memory trace. Rehearsal might be very helpfu 
in remembering whether one heard a 1000 hz tone or a 900 hz tone, ч 
is probably of little or no value in remembering whether one heard a po 
hz tone or a 990 hz tone. The same reasoning applies to successive | - 
crimination of things like intensities, line lengths, and angles of orientation- 
Supporting this hypothesis, instructions to rehearse the standard tone ar 
ing a delay interval filled with an interference tone appear to produce "- 
better retention of pitch in a delayed-comparison task than do instructio! 
to attend to (rehearse) the interference tone.! 


Controlling Rehearsal 


In order to study other storage processes, such as consolidation. interfer 
ence, and decay, it is very desirable to eliminate the trace-mainten? y 
process provided by conscious rehearsal. This has usually been achieve be 
one of two methods: First, psychophysical delayed-comparison tasks ad 
used with sufficiently subtle distinctions between correct and incor 10 
comparison stimuli that rehearsal of the standard stimulus is of little О! дв 
value. Second, in verbal memory studies subjects can be given verbal eit 
to perform during the retention interval that are presumed to prev u- 
rehearsal of previously learned verbal m gr 


l aterial. For example, in 
ous recognition or 


Jor 
recall procedure, the retention interval for any d 
item is filled with many subsequent items. Since the number of items Р! i 
ously learned is very large and subjects are kept busy during the me. 
interval, it is reasonable to assume that the probability of rehearsing p B 
prior item is negligibly small. In addition, subjects are usually give? ior 
rehearsal instructions to further reduce the probability of rehearsing Гел, 
material during the retention interval. In the distractor memory paradig a 
subjects are given only a short list to remember on each trial, such гаг 
consonant trigram, but are required to engage in a task like rapid back fec- 
counting by threes from a three-digit number that is presumed we 
tively prevent rehearsal of the consonant trigram. rete 
One difficulty with all methods of preventing rehearsal during 6 "both 
tion interval by means of competing tasks is that the tasks might diffe? with 
in their capacity to prevent rehearsal and in the degree of interference 
the previously established memory trace. 
sch 
'W. A. Wickelgren, “Associative Strength Theo ' и 


r гу fo 
f ect iti Memory 
Journal of Mathematical Psychology, 1966 (6), 13-61. ry of Recognition ! 
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Acquisition 


Era maintenance of a trace is one function of rehearsal. Its second 
Catisex Y iren is to produce a higher level of initial acquisition, which 
rehears ry "in to be remembered for a longer period in the absence of 
the de € Sometimes. the effect of rehearsal for the purpose of increasing 
Barnes iden learning is referred to within the two-trace theoretical 
trace, į a as producing a greater degree of acquisition of the long-term 
or ml addition to maintenance of the short-term trace. In either single: 
w kihe 4н асе theories, the distinction 15 approximately the same as to 
the T rehearsal merely increases the strength of the memory trace up to 
аср established maximum ог increases the strength to ci о 

Be of learning. As discussed in the preceding chapter, prolonge 
nity for rehearsal of verbal material increases acquisition in much 
Sama way as prolonging the visual or auditory т of ше 
а, 50 long as the probability of accurate recall is close to iier. 
liga en it may be that rehearsal of a single way of gems кё ер 

а level of acquisition only for the first secon ur wo. d bs 
: eS In level of acquisition with increasing time for rehearsal may be 


Prin i H 1 ү; n 
arily the consequence of the generation of new encodings (new ways 


f 1 ; s 
thinking about the material) rather than of continued rehearsal of the 


“iginal encoding. . И 
е is even Am — concerning whether thg pase дана 
Nd of verbal rehearsal can produce comparable етеда in degr 2 
смес E of pictures—for example, during рие о унаа 
» п Presentation of successive pictures. Studies by Potter 2 "4 ec jam 
fer and Shiffrin indicate that the acquisition of аке f visual exposur 
Po Pictorial material is limited precisely to the period of visual exposure. 


er and Levy's find; arlier pictures were not processed 
Uring Levy's findings suggest that ear? Pd D ther апа, Bü 


xy Crime entation of subsequent ped terval following a picture 
ent indicz at increasing the blank inter ** 
ioi ates that increasing җе r that pic- 
lure Еа had по effect on subsequent recognition ope Rr but p - 
ШОН €aver, however, has recently found evidence 5n а нб vins 
sti nt Improvement in visual recognition memory i den 
4S interval was increased from two tO six secone’s. 


цар 1 і 11, there is no doubt that 
y wp ji zs hapter 11, a 
is Pike einen sud а ни the degree to which this 


i ima Я 
im; age " 1 
id ery са асно, Тие өш nos ciations in image memory. Exist- 
n ; и 0 ism 
"а evi increase the strength of азоо umstances under which im- 
°псе suggests that there are some circ 


Sequence of Pictures.” 
fer iffrin, “Rehear- 

5 . Shaffer and R. M. Shiffrin, R 

5. W. O. 3 9 al Psychology, 1972 (92), 292-96. 

nition of Pictures." Journal of 


A y for a Rapid 
foun of Potter and E. I. Levy, "Recognition Memory for à Барі 
lang 2. PXperi, Р '196 10-1 
Grp ental Psychology, 1969 (81). a 
Ex E. cage of Visual Information.” Journal of al DB 

Peri, ег, “Effects of Poststimulus Study Time on 


Nychology, 1974 (103), 799-801. 
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nef Ee Я aa атар but that 
agery may be completely ineffective in increasing trace strength, bt 
under other circumstances it may be helpful. 


CONSOLIDATION 


E e 

Like rehearsal, consolidation is a process that takes place during U^ 
retention interval and is beneficial to memory. Unlike rehearsal, rincon 
tion is an unconscious process that is assumed to be largely p: aahh dl 
tary control. Consolidation is often assumed to proceed at span 
regardless of any competing tasks the subject may simultaneously D cnt 
during the retention interval. The hypothesis that memory traces tice has 
more firmly fixated during the time after the end of the formal р! c» e 
been discussed ever since Miller and Pilzecher advanced their theo 
perseveration and consolidation in 1900,3 hysiolog- 

When we confine our attention to psychological rather than to p ‚е In 
ical mechanisms, there are two basic classes of consolidation „жое 
one the strength of the trace or of some component of the trace 15 resides 
to increase for a period following learning. In the other something tion БУ 
strength changes so as to make the trace more resistant to distop. heac 
either the normal processes of forgetting or unusual causes, rupit 
injury, drugs, and electroconvulsive shock. As we shall see, ie rnc a 
strongly supports the second hypothesis—that consolidation proc 
decrease in the fragility of memory traces. 


Increase in Strength 


я ; f recall 0! 
If over time there was a consiste 
recognition as the retention interv 


dation produces an increase 


nt increase in the accuracy О consoli- 
al increased, the hypothesis that ӨТ 

in strength. would be strongly Mon only 
However, such reminiscence (absolute increases in trace strength) E othe! 
rarely been observed, and even then it is more plausibly attributed d to 
factors than to an actual increase in trace strength. For this hypothes iffe 
the least bit plausible, it is necessary to assume that two dynamical y ег 
ent traces mediate associative memory: a short-term trace and a long 


(8 
cu! 
A N t . б "ace oct 
trace. According to this theory a rapid decay of the short-term trà 


of 
x : ы 4 Б e stren 

at the same time that consolidation produces an increase in the sU ; net 
the long-term trace. Under mo 


5 

st circumstances, however, this produe two 

forgetting. Within the two-trace theory of consolidation, шее, Jon” 

hypotheses concerning the relationship between the short-term ane jesis 
term traces: the independence hypothesis and the conversion hyP 


] 


x ach 
?G. E. Müller and A, Pilzecker, "Experimentelle Beitrage zur Lehre vom Ge 
Zeitschrift Psychologie Erganzungsband, 1900 (1), 1-988. 
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Nei айна heen According to this hypothesis the short-term 
mechanisms E m trace are established by separate and independent 
than the das "s. ong-term trace requires more time to be consolidated 
Warrington dec m trace, but it decays more slowly afterwards. When 
ito s baie first described K. F. as possessing a normal capac- 
form 5 iie w long-term traces, but an abnormally reduced capacity to 
hypothesis me traces, the two-trace conception and the independence 
ity. Howes i consolidation меге both given a substantial boost in plausibil- 
a һа. now that К. F/s deficit has more plausibly been attributed to 
no longer: evel deficiency in the representation of verbal material, there is 
of two tr ey support from this or similar cases for either the assumption 
increase m or for the independence hypothesis of consolidation as an 
cording k Strength. Furthermore, K. F. never showed reminiscence.* Ac- 
Observed > the independence hypothesis, reminiscence should have been 

ecay in ии some conditions, since there should ponen pues Very little 
of ihe lon 1ort-term memory to mask the supposed 1пегеаве n the str ength 

g-term trace as a result of the consolidation process. 


voi тей hypothesis. According to the conversion hypothesis, con- 
Ory, T} n I5 a transfer of information from short-term to long-ter m mem- 
f rmation is to say, while the short-term trace 15 available, it mediates the 
1а5 be 9n of the long-term trace. In one form or another this hypothesis 
m Mery popular among both cognitive and physiological psy- 
Bists,? but to my knowledge there is no evidence supporung this posi- 
'annot be as well or better explained by the fragility hypothesis 
Moreover, а number of consolidation 

ither the conversion or 


nt for with е 
ease in the strength of the long- 


ш the following section. 
inde Па seem impossible to accou 

le Pendence hy E cun NIC 
rm trace e hypothesis of an п 
irst, vi. ИГ 
* Virtually every relevant study using V! 


Yéhome, 


rtually any measure of trace 


rbal Memory Stores: A 


ioning of Ve 
bg 1970 (22), 261-73. 


Mp 
New: Shallice and 
Ý re perimental ye Consolidation of Long- 
callie pw z ш mal of M athematical Psychol ee eta m pu n dro on 
Же in ge E x. а нава оГ Ae Neurop: chological Evidence ӨГ Ye = 
"d тарт Memory Tasks." Quarterly Journal of Experimenta! ^5) ду 
i 3 Psychological Review, 1965 (72). 


C. W я 
R augh and D. A. Norman. "Primary Memory. £7 A Proposed System and Its 

С *^ Atkinson and R. M. Shiffrin, "Human Меш M. d mem 

: FaychotagyarFeatuns тий pe primo in D à А. Norman (ed.). Models of 
System for Perception eo m 19-64. See Hebb, Organization of Be- 
Academic Pr 19 eam Journal of Psychology, 1949 (106). 
ҮМ. J. Hertz (eds.), Memory Consolidation . San 


368 Storage: Consolidation and Forgetting 


strength shows forgetting rate to be continually slowing down xm paced 
ing trace age. Second, the suscepubility of memory traces to rad е 
grade amnesia) as a consequence of head injury, electroconvulsive : ses 
or drugs also appears to continually decrease with increasing реса 6 Jf 
this progressive reduction appears to go on for at least several ae dim 
long-term memory is less fragile than short-term memory, and if кА pice 
an increasing percentage of the total memory trace is in long-term a e 
than short-term storage, then the trace as a whole should i ШЕ 
fragile. However, to make such a dual-trace consolidation hypothe" E reni 
facts, the short-term trace must be assumed to persist to a substantia > не 
for several years—that is, for essentially as long as the long-term ume 
such a trace could hardly be called short-term memory. Thus it ^ an 
appear that the two-trace theory and the conception of consolidation at 
increase in the strength of the long-term trace is simply not able to ac 

for the basic facts. 


Decrease in Fragility - 
The second class of consolidation theories is consistent with a gage. 
theory of associative memory, since it assumes, not an increase !n 
strength, but rather a decrease in the susceptibility of trace pont. those 
disruption from the forces that produce normal forgetting, and fron 
that produce retrograde amnesia as well. 

According to one version of this 


gth to 


theory, associative memory t 


acts 
: ^ ў bcc dr d з affe 

two important dynamic properties: strength and fragility.” Su ength ^ diy 

the probability of recall and recognition, but reductions in trace - 


produce less susceptibility to time decay and retrograde amnesia. affect 
ingly enough the theory assumes that a reduction in fragility does -€— pro- 
the susceptibility of the trace to associative interference, such as th revi- 
duced by learning a subsequent 4C association on the strength a to 
ously learned AB association. According to the theory, suscepU tibilit 
interference remains constant with increasing trace age, but suscep 

to temporal decay decreases. is 165 
Temporal decay decreases as the trace ages because the rn ТУ 252 
fragile owing to the consolidation process. The reduction of frag 7. ine 
consequence of consolidation continues thr 
memory trace, which accounts 


"renme ОЁ! 

oughout the lifetime ^ yg 
to 

rate and susceptibility to retro 


:4 forge 
= В ; ОТ 
for the progressive reduction in f wi 

A H : 1 5 
grade amnesia. Consolidation is а5 


ass 
“Jost’s Second Law. See C. 1. Hovland, "Human Learning and Retention," in S. 5. "nace 
(ed.), Handbook of Experimental Ps 


: ren. 9). 
м chology. New York: Wiley, 1951. W. А. Wickelgre 97209) 

Resistance and the Decay of Long-Term Memory." Journal of Mathematical Psychology Amnes! 
418-55. L. Weiskrantz, “Experimental Studies of Amnesia,” in Whitty and ZangW! Р 
т 


рр. 1-35. W. R. Russell, Brain, Memory, Learning, London: Oxford, 1959. 


7W. A. Wickelgren, “ single-Trace Fragility Theory of Memory Dynamics.” 
Cognition, 1974 (2), 775-80. 
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ls б Hai ut a slower rate with increasing trace age. That is, the 
Curs during 1} oed edens (the greatest reduction in trace fragility) oc- 
gressively «d a: | ir st few minutes following learning, and decreases pro- 
Ports the hy ert е life of the memory trace. Considerable evidence sup- 
ypothesis that consolidation is à reduction in trace fragility. 


Nonverbal ater: mentioned, for all types of verbal and 
ing with psi iom the rate of forgetting appears to be continually decreas- 

creasing trace age over retention intervals ranging from seconds 
and even years. This qualitative 
t with the fragility hypothesis. 


Retenty ‚ 
ention functions. As previously 


to ne 
ced seri minutes, days. months, 
Second M forgetting rate is consisten ] 
fétention oar ela formulation of this theory provides a good fit to the 
material c ‘unctions obtained for a wide variety of verbal and nonverbal 
For Bonos retention intervals ranging from seconds to over two years. 

ion intervals greater than 20 seconds, the form of the function is: 


т = LP e! 


uium above equation m is the strength of the memory trace; t is the time 
ing (le mis g: Lis the initial strength at the end of learn- 
Чопа] dal e decay rate, which is inversely propor- 

is th Oth 9.72 (base of natural logarithms) and 
‘alg ich is proportional to the similar- 
arning. This retention function 
y data and to longer- 


) following learnin 
f acquisition); D is the time 
е rate of consolidation; е = 
© en, of loss from interference, wh 
ida. polated learning to original le 
ig pee fit to both verbal short-term шон 
When ¢} antic and visual image retention as sir TT 
оте. 1e material is encoded at an attribute < аи ae 
© of m memory, the similarity parame im d wants is high 
der Similarity between original and interpolate : db c 
тару these conditions the retention function will be dominated by the 


id еу : наал 
х : ч the retroactive inter- 
fer % Ponential decay component (e19 epee bisher vias 
ена 5 have 
SF „Process. Waugh and Norman and others ha a 


12 sse ў T i oducing loss from 
verba] Mportance of retroactive interference in Pr ng 
d Norman gave subjects a list of 


digi, 5 ОГ егт igh ап * 
S ap at rates of па and four digits per second. bes mi 
digi, ^ lowed by a probe digit from the list, and subjects were ptos a 
Prop, E the list that followed the probe- Recall accuracy vm dm hr 
Breater rom the end of the list (the most recent с : А 

die. delay measured in number of jore i © c. delay was of 
9lling for the number of interfering items, te um a 


a 
Wie 
апа pekel ex sw 
dM mir Single-Trace Fragility Theory- w ^ 
Waugh y Storage Dynamics.” Memory and Cognition, 
and Norman, “Primary Memory.” 


‚ Wickelgren, “Alcoholic Intoxication 
1975, (3), 385-89. 
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Figure 14-1. The retention function for Waugh and Norman's probe recall Siem ee by 
bility of correct recall as a function of delay measured in intervening items. (Copyrigh 
the American Psychological Association. Reprinted by permission.) 


much less significance. Figure 14-1 indicates that almost exactly ihe von 
retention function was obtained plotting recall accuracy as a function e ta 
number of interfering items for both the slow and fast rates of ic 
tion. However note in the figure that the one-per-second rate did р as à 
somewhat greater acquisition and somewhat faster decay (measure sai 
function of intervening items) than the four-per-second rate. Thus, even 
poral decay does appear to play some role in short-term retention 


г 
А S 2 и Н "actor unde 
though interference from Subsequent items is the dominant facto! 

many conditions. 


Similar results of the 


: x е - lecay have 
importance of both interference and dec? 
been found in short-ter 


"n 
Ба -e subjects 
m probe recognition memory, where subj 


i “ » LH ” Н 1 2 pior 
cide “yes” or “no concerning whether the probe appeared in me the 
1150.19 These studies also demonstrated the largely exponential form large 
retention function under nd 


these conditions where interference pla) 
role in producing loss of trace strength. 

By contrast, when material can be encoded into semantic memory: arne 
the similarity (I) between previously learned and subsequently r^ be 
material will be very low on the average, the retention function Tft to 
dominated by the power-function term (UP), which provides a 800° -tjon 
empirical longer-term retention functions.!! With this power-fun ing 
term, the rate of forgetting w P 


where 


ill be most rapid immediately after lga 


ar E 
'"W. А. Wickelgren and D. A. Norman, "Strength Models and Serial Position in Shor gren: 
Recognition Memory." Journal of Mathematical Psychology, 1966 (3), 316-47. W. А. Wic огу 
"Time, Interference, and Rate of Presentation in Shor Term Recognition Mem 
Items." Journal of Mathematical Psychology, 1970 (7), 219. 


""Wickelgren, "Single-Trace Fragility Theory." Wic kelgren, "Alcoholic Intoxicat 


Wickelgren, “Trace Resistance and the Decay of 1 -Term Memory.” Journal of Ma 
Psychology, 1972 (9), 418-55, y of Long-Term Memory. Jou 
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but will s 
orae бара m epe con ps example, ii ge continuous 
decided whether с кр a пыш su jects saw a word every 3.5 seconds and 
Delays нне 5 word had been p! esented previously in the session. 
second ees the rigid presentation of a word (acquisition) and the 
minutes, The peas (retrieval test) varied from a few seconds to almost 12 
Memory-strer Pe babilities of correct recognition were converted to 
theory, and a i тезинен (d^) using the methods of statistical decision 
ting in any ue results are shown in Figure 14-2. If the amount of forget- 
memory sd uoi. time were simply proportional to the amount of the 
tion Да се still present (simple exponential decay), the retention func- 
rate of for k Figure 14-2 would be a straight line. Obviously it is not. The 
retention ee Is slowing down the older the memory trace. In fact, the 
unctiong зона in Figure 14-9 and many other long-term retention 
the form " pap in this manner are rather well fit by a power function of 
strength Ronee Lit, which is a straight line function on a plot of log 
old ; et log time (log m = log L - D log 0). However шей the 
cess can ое are contradicted by new knowledge, the inter ference pro- 
All this г рош rapid forgetting no matter how old the memory trace. 
Further d seem to be quite functional. | | e" | 
nore, when forgetting 15 dominated b) the time decay factor 
-kable amplification property in 
and trace longevity. Specifi- 
erved in human memory, a 
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memories appear to last for only a few seconds or tens of seconds, while 
others last for years or tens of years, a factor of about 107, it is very func 
tional for memory to have such an amplification property. It would be very 
difficult for the physiological substrate of memory to exhibit differences on 
the order of 107 in the initial strength of acquisition of the memory trace. 
Of course, differences in the initial degree of learning of this magnitude 
are trivial to obtain if one compares it to a base that can be arbitrarily close 
to zero strength. However, we are discussing only cases where the initia 
memory strength, measured at immediate retention intervals, was suffi- 
cient to produce perfect performance. Even under these conditions some 
traces last only for seconds, while others last for many years. Achieving a 
difference in initial learning strength on the order of 107 compared to ? 
base strength that produces perfect performance would probably be close 


H H . т: i гай n 
to impossible for the nervous system in the absence of some amplificatio 
factor. 


oncus 
уп as 


Retrograde amnesia. Following severe head injuries that produce € 
sion, human beings fi 


requently experience a loss of memory kno sec- 
retrograde amnesia. Such loss can be for periods ranging from a tew xs 
onds or minutes prior to the accident up to periods of hours, days ni he 
or even years prior to the accident. The more serious the concussion: "^ 
greater the period of retrograde amnesia. As Russell noted, this appear, 
require the assumption of a consolidation process that extends for virtua | 
the lifetime of the memory trace.!? It is important to note that hetont is 
dation process cannot be acting on the strength of memory traces, since iy 
Әр the strongest or weakest traces that are lost, but the traces most recen 8° 
established, regardless of strength. Thus it appears to be necessary (0 " 
sume that consolidation acts on some second parameter of the еп. 5 
trace, which we here call fragility, and that concussion destroys ОГ dini 
irretrievable the most fragile traces, irrespective of strength. but 

nesia from concussion is permanent re 
ost of the lost memories. In these Са86 


est memories, with the retro: 
present.'? Thus, the initial l 
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i traces і ed 

| chara is often only temporary. Predicting the temporary or permanent 

solid ter of retrograde amnesia is beyond the scope of any current con- 
dation hypothesis. 


e, Slater, and Chace have demonstrated 


Electri ‘ 
ectroconvulsive shock. Squir 
hock treatments for mental 


th Н 
PO shh undergoing electroconvulsive s 
Specific е o екрепенеё retrograde amnesia that appears to be temporally 
uced b Е ppt oximately the same manner as the retrograde amnesia pro- 
Wien di Many experiments on animals also show that elec- 
Were ts shock can disrupt memory traces. These animal experiments 
in the str rtaken on the hypothesis that consolidation involved an increase 
Within 5 eugth of the long-term memory trace that would be completed 
results A ane of from less than a minute to four or five hours, but the 
оцы, icated no particular time at which sapola on sane ee 
Sive shock попа, including particularly the severity of the ipee ul- 
ing ori м à on produce disruptions of memories at varyIng е — 
? хы learning.!* To my knowledge there are no зше. t ea m 
аца oe shock on animals that demonstratë а pee ong 
"aordin: amnesias that can be produced in human ied u ё va 
amnesia 1; y variability that has been observed in Ше ж е retr о е 
trocony eads one to suspect that sufficiently severe an prolonged elec- 
. Onvulsive shock treatments would produce long retrograde amnesia in 


a 
"іта as well. 
ulsive shock in human be- 


etr " | 
Bsa Ograde amnesia produced by electroconv 1 
Ppears to shrink over time, and there 5 some evidence supporting the 


Sam 

€ shri : : 

айсы tinkage in animals, though with animals there 15 also some con- 
Огу evidence.!9 


animals at different times follow- 


Ng appear to disrupt long-term retention, seii ed 
Minis hey appear to have no effect on retention imme € (be cce 

Con ‘ration.!7 This has been interpolated to mean ie p g si 
асе solidation of long-term memory while not distur ing the shor eim 
' Which is a plausible interpretation, but the results can also be ex- 
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plained within the single-trace hypothesis of consolidation asa eee Hi 
trace fragility. For example, the drugs may increase the rate of tonge e 
either by increasing whatever metabolic or neural activity factors m ү к 
time decay or by reducing the rate of consolidation (here interpreted as a 
reduction in trace fragility). Degree of initial learning was very high in a 
these studies, and so an increase in the forgetting rate could have no no 
ticeable effect shortly after learning, with the effect only appearing after 
substantial time had elasped, as was observed. — 
These studies also revealed no consistent ume at which consolidation * 
complete, so the hypothesis of consolidation as a decrease in аш 
probably more consistent with these data than is the dual-trace hypothes 
of consolidation as an increase in long-term memory strength. -— 
The rate of memory consolidation may also be increased by eo 
drugs. McGaugh, Petrinovich, and others have found that stimulants p vd 
central nervous system given to animals shortly after learning facilita е 
subsequent memory performance. Of course, this could also be the MS 
of a reduction in the factors producing decay, but this seems somewhat. es 
likely (for a stimulant) than a facilitation of consolidation. Before you ot 
for a cup of coffee, let me point out that these studies were done with Bos 
and the like, and there is no guarantee of similar effects in humans. In , f 
one study by Hull found caffeine to have an insignificant retarding [icd 
verbal learning. Furthermore, you must consider all the effects of a biles 
on your health and welfare, not just its effect on your memory. Las peel 
found that the poison strychnine facilitated maze learning in rats, but th‘ 
would not lead me to take strychnine.!* 
Most studies of drug effects on human 
termined the phase locus of the 
When humans learn a list while 
from barbiturates, nitrous oxide 
Valium), or marijuana 
memory performance 
while not intoxicated.! 


memory have not carefully ui 
effects in acquisition, storage, or cen n 
in a mild (conscious) state of анне РА 
(laughing gas), diazepam (the гапи! emi 
; memory performance on the average is ИРИ р 
after an equal amount of time spent in learn c 
? The effects of barbiturates on acquisition, storag 


ro- 
!5See review by J. L. McGaugh and R. С. Dawson, “Modification of Memory Storage er 
" Behavioral Science, 1971 (16), 45-63. C. L. Hull, “The Influence of Caffeine a 5 (13), 
Factors on Certain Phenomena of Rote I arning." Journal of General Psychology, s тип 
249-74. К. S. Lashley, “The Effect of Strychnine and Caffeine upon Rate of Lear 
Psychobiology, 1917 (1), 141-70. 
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'*W. О. Evans and К. E. Davis, "Dose-Response Effects of Secobarbital on Human be Га 
огу Psychopharmacologia, 1969 (14), 46-61. P. Steinberg and A. Summerfield, "Influe лоб 
Depr ssant Drug on Acquisition in Rote Learning. Quarterly Journal of Experimental PO ца 
ogy. 1957 (9), 138-45. P. R. F. Clarke, P. C. Eccersley, and B. A. Frisby, "An Exper ар 
Study of the Effects of Valium (Diaz рат) on Human Memory.” British Journal of Anar erg, 
ogy, 1970 (42), 690-703. Wickelgren, "Alcoholic Intoxication." € . Darley, J. К. гаеп а 
W. T. Roth, L. E. Hollister, and R. C. Atkinson, "Influence of Marihuana on Storag 
Retrieval Processes in Memory." Memory and Cognition, 1973 (1), 196-200. 
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and retrieval have not been separately determined. Nitrous oxide appears 
to reduce learning and also to retard forgetting of previously learned ma- 
terial, while diazepam, alcohol, and marijuana appear primarily to reduce 
the level of initial acquisition (and much of this may be because of poor 
attention at the time of learning).?? There appears to be no differences 
from controls in the subsequent rate of consolidation or forgetting for 
material learned under diazepam, alcohol, and marijuana, no effect of the 
drugs on the storage (consolidation and forgetting) of material learned just 
before the drug state, and little or no effect of these drugs on memory 
retrieval. 

Even the extreme memory impairment in “alcoholic blackout” follows 
this pattern—namely, that memory of the events of the “night before” is 
Poor because these events were never learned very well at the time (as 
Measured by retention tests administered shortly after the events 
Occurred).?! As we saw in Chapter 12, acquisition amnesic patients can 
Converse fairly normally and get normal scores on intelligence tests, so it is 
completely consistent with acquisition amnesia that someone could per- 


ume many complex cognitive tasks while drunk and later have no memory 
OF it, 


Recency judgments. The decreasing fragility of a memory trace could also 
Serve as a kind of biological clock measuring the age of a memory trace. If 
fragility were a retrievable attribute, then recency judgments—how long 
880 one experienced an event—could be based on trace fragility. Of course 
Many of our recency judgments, especially those for events that occurred a 
к, long time ago, are based directly or indirectly on associations with time 
Concepts, I remember how long ago I graduated from high school because 
remember the month and year, and I know the current month and year, 
rom which I can figure out the difference. . РОКИ 
- OWever, my judgment for the time elapsed since I entere my office 

ter lunch could not be based on such associations because I have not 
be ted at any watch or clock in the interim. Under these ошоп human 

'Ngs are nevertheless able to make judgments of recency that are far 
€Yond chance accuracy. One of the advantages of the fragility theory is 
hes it Provides an automatic mechanism for determining the iid of 

nts for which we have established memory traces. A mathematical ver- 
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sion of this hypothesis has been found to provide an excellent fit to human 
abilities to judge recencies of words presented in a continuous recognition 
memory paradigm where subjects had no access to clocks of any kind.?? 
Interestingly enough the mediation of recency judgments via the trace 
fragility property should be primarily useful for intervals of less than an 
hour, and in this experiment subjects showed little ability to discriminate 
the recencies of events that occurred one hour ago as opposed to two hours 
ago. 

The data from this time discrimination experiment also indicate that the 
quantity being judged by subjects is recency rather than “oldness.” That is, 
the internal memory property used by subjects to judge recency has a high 
value at short retention intervals (short times) but decreases progressively 
at longer retention intervals, rather than having a low value immediately 
after acquisition that gradually increases. It is primarily for this reason that 
we speak of consolidation as a reduction in trace fragility rather than as an 
increase in trace resistance. 

It should be noted that the type of biological clock provided by the 
fragility consolidation mechanism cannot be the same type of biological 
clock that permits some individuals to wake up at a particular ume in the 
morning. This latter clock is undoubtedly tied to the daily (circadian) 
rhythm and not to the time delay since a particular prior event such as 
going to bed. 


INTERFERENCE 


| A young child must learn hundreds of new associations every day: In 
light of this, why do you suppose it often takes months or years of periodic 
diligent practice for a child to learn the addition and multiplication tables 
to the point where counting on fingers and other circumlocutions are not 
required? Taking into account the fact that addition and multiplication are 
commutative (X + Y =Y +X and X -Y =Y- X) and that X + 0, X + 1." 
and X * | are rather easy to learn, there are less than 100 remaining 
associations to be learned in order to master both the addition and multi- 
plication tables. So why should they be so difficult to learn? 

The reason is interference. One is forming an association betwee? а 
stimulus consisting of two digits and an Operator symbol (+ ог ·) and а 
number response. The same ten digits and the same two operator symbols 
appear over and over again in different compound stimuli associate? ; 
different responses. If you give a child a single addition problem, such as? 
+ 8 = 18, you can teach this association in very little time, and it will be 


22Wickelgren, “Single-Trace Fragility Theory.” 
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remembered very well, so long as you do not attempt to teach a lot of other 
addition facts. But as soon as you begin teaching that 5 + 6 = 11 and 9 + 8 
= 17, you are beginning to establish competing associations to each of the 
elements of the original compound stimulus. The formation of these as- 
Sociations to the same stimulus produces a variety of interfering effects on 
both the strength of the original association between 8 + 5 and 13 in 
Storage and the ability to retrieve an answer correctly using the association 
between 8 5 and 13. 

The easiest sums and products, namely those involving zeros and ones, 
are easy because a single rule can be learned as an association to an element 
Of the compound stimulus. For example, X + 0 = X, for all X. Everytime 
the stimulus element “+ 0" appears, this rule is triggered and yields the 
answer. There is little interference, since the compound stimulus element 
+ 0" is not associated with any other rule for a response. (There is some 
Interference with the * 0" rule, because children sometimes make mistakes 
of the form X - 0 = X>) In a similar manner, you have probably noted that 
Children often rather quickly learn the answers to stimuli of the formX +X 
or X . X. Once again the reason is clear in terms of reduced levels of 
Mlerference, Children easily abstract the higher-level cue that the addends 
9r the factors are identical, and this cue provides an additional differentiat- 
ing Stimulus element that reduces the level of interference. 
the € two methods—(1) abstracting additional differentiating agas irom 
‚ © Compound stimuli and (2) learning general rules to mediate the associa- 
tion between the stimuli and the numerical responses—constitute the keys 
ш *arning all the rest of the addition and multiplication tables rapidly. 

ese mnemonic methods work because they reduce interference. 
he hypothesis that interference from prior and subsequent learning is a 
€ of forgetting is about as old as the scientific study of human learning 
Memory, Sometimes one hears it referred to as the interference theory 
i in, Betting, but there are many different interference Поні, For one 

ot dia hypothesis that interference plays a üngurt ри for getting does 
‘clude the possibility that other factors also produce forgetting, such 
Passive temporal decay (that is independent of the nature of prior or 
sequent learning). There is considerable evidence to support both inter- 
°псе and temporal decay as contributors to storage loss. The evidence in 
бо Ок of interference mechanisms will be descr ibed in the Ls esent sec- 
' and the evidence supporting temporal decay will be described in the 

t Section, 
ee are at least five different interference mechanisms proposed by 
sio scd theorists: competition, blocking, unleat ning, response suppres- 
$6 С storage load. (These five mechanisms are not mutually exclusive, 
to or 1t may be that several different interference mechanisms contribute 

Setting in associative memory.) 
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Competition 


Do you know how to spell the five-letter word that begins with w, ends 
with rd, and means “mysteriously strange"? Doubtless you know that it is 
either wierd or weird, but if you are like me you may not be sure whether the 
order of the second and third letters is ie or ei. This is an example of 
competition, an interference factor that occurs at the time of retrieval. You 
have strong associations to both the ie form and the ei form from the word 
or concept representative that is activated in this case by giving a definition 
and structural information concerning the initial and terminal letters of the 
word. Many of us have almost equally strong associations to both spellings 
at the segmental (letter) level. (Incidentally, the correct spelling is weird —a 
violation of the i-before-e rule.) 

The origin of such competition in the case of a "spelling demon" is 
obscure for most of us. Presumably we rarely see words spelled incorrectly 
in print. However, a substantial portion of the competition may come from 
our own previous misspellings of the word. Learning from one's mistakes is 
a very useful educational practice in the more conceptual aspects of human 
learning, but in the case of largely rote learning such as spelling, the educa- 
tional practice advocated by Skinner and his followers (of shaping perfor- 
mance so as to achieve learning without errors) is highly desirable from the 
standpoint of minimizing competition. From this point of view it is unwise 
to test a child's spelling until those words have become so familiar through 
reading and both oral and written copying that the first test of spelling will 
almost certainly be without error. In a school setting the only way to insure 
that every child will virtually always obtain perfect spelling tests is by indi- 
vidualizing instruction. If all the children are given a spelling test at the 
same time, some children will almost inevitably make many mistakes, and 
these mistakes can produce memory traces that will result in substantial 
competition for the rest of their lives. If one wishes to be a good speller, itis 
very important not to see or practice the wrong spelling. Р 

The importance of minimizing competition also applies to teaching chil- 
dren to write letters and numbers so as to avoid right-left mirror-image 
reversals of the form Ё, €, etc. Children should probably practice writing 
the letters and numbers properly by copying them from a model for a long 
time and then be gradually shaped by removing more and more segments 
of the model, so that they can learn to write the letters and digits without 
making errors. There is undoubtedly some innate difficulty with right-left 
reversals for human beings, especially when they are young, but it is educa- 
tional folly to allow a genetically biased error tendency like to be this am- 
plified by interfering learning. . 

I would rather that my children learned in an “open” educational env 
ronment where they had a considerable degree of freedom to choose what 
they did during the day and how rapidly they proceeded in any subject 
area. However, sometimes teachers who believe in educational freedom 
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Carry it to the extremes of allowing children to spell words wrong and write 
letters and digits backwards. In rote learning cases of this type, where 
similarity produces strong interference via competition between correct 
and incorrect alternatives, the educational advantages of minimizing com- 
peution strongly outweigh some minor restriction of human freedom. Un- 
fortunately, people run to extremes: Some believe in rigid discipline at all 
umes, others in laissez-faire, but most of us probably recognize that a bal- 
ance must be struck. One of the applications of cognitive psychology should 

e to tell us where education ought to be highly structured and where we 
ought to allow greater individual freedom. 

Competition has been studied in the laboratory setting with conventional 
irr кейин recall experiments by having subjects first learn an AB list 
When xm Ae list (4B-4C paradigm). Subsequent to learning both lists, 
ean ba jects are asked to recall theB associate of A from the first list, they 
which а recall both B and Gs but they are not able to remember 

mmediatel пе correct associate for the first list and which for the Sms. 
disting, m y after learning the second list, list differentiation, the ability to 
Seoni Po between the responses from the first list and those from the 
may ha = typically quite high, over ont percent accuracy, but a week later it 
com — declined to perhaps only 80 percent accuracy, not because of 
stan. “gs between a correct and an incorrect association pea use same 

ighly s ES rather because of pa aes a НӨ 
ong B ar compound stimuli: “4 + first list and A + вата 150.723 As 
stimulus 18 difference between the strength of association pi the compran 
tion ed A F first list’ with the correct B item and the su ength of Bits 
: "th the incorrect C item is high enough, competition need not mark- 
вее the percentage of correct recall. However, as the associations 
as à mc m Strength during the retention interval, competition may emerge 
re significant factor. 


Blocking 


чы She has learned two different associations to highly similar stimuli (A 
ay pus although one may be able to recall associates B und C, one 
at the « De able to tell which is correct in response tod «ЕНА is competition 
at ED of retrieval. However, another possible inter fer ence mechanism 
sneer Operate at the time of retrieval is the blocking of one association 
of €r—that is, retrieving C as an associate to A might block the recall 


DE © that one would not even think of B at all. 
Nes and Underwood invented a test that logically avoids competition 


“R, 
Journal, Koppenaal, "Time Changes in the Strength of 4B-4C Lists: Spontaneous Recovery?" 
poten io ; erbal Learning and Verbal Behavior, 1963 (2), 310-19. I. M. Birnbaum, “Long-Term 
rba N of First-List Associations in the 4B-AC Paradigm." Journal of Verbal Learning and 
“havior, 1965 (4), 515-90. 
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but is still subject to blocking. The test, called modified modified free recall 
(MMER), involves allowing the subject to give two associations to the 4 
stimulus following an AB-AC paradigm. If the recall of one associate tends 
to block the recall of another associate to the same stimulus, all other 
factors being equal one might expect a negative correlation in the recall of 
B and C. That is to say, the probability that a subject would recall C given 
the recall of B would be lower than the probability of recalling C given 
nonrecall of B. Martin and Greeno have examined a number of MMFR 
studies in search of such negative correlation and have failed to find it. 
There are a number of confounding factors involved in such analyses, but 
the present evidence certainly cannot be considered favorable to blocking 
as an interference mechanism.?* 

If blocking is an interference factor, then supplying the C associates to 
the 4 stimulus might depress recall of the B associates compared to à 
condition in which subjects had to recall both В and C associates. Such 
negative effects of supplying second-list C associates on the recall of first- 
list B associates have been obtained, but at present the effect appears to be 
more plausibly attributed to the response suppression mechanism, which 
will be discussed in a subsequent section.?* To my knowledge no one has 
determined whether supplying the first-list B associates would tend to block 
recall of the second-list C associates. If such an effect were obtained it 
would provide more definitive evidence in support of response blocking: 
Meanwhile blocking has not yet been definitely ruled out, but there is no 
compelling evidence to support the idea that it is an interference factor. 


Unlearning 


| In 1940, Melton and Irwin proposed that, in addition to retrieval inter- 
ference via competition, the subsequent learning of an AC pair produces a 
reduction in the strength of the originally learned AB pair. They called 
such a reduction of the strength of an association in storage unlearning ^" 


217. M. Barnes and B. J. Underwood, " ‘Fate’ of First-List Associations in Transfer Theory: 
Journal of Experimental Psychology, 1959 (58), 97-105. E. Martin, "Verbal Learning Theory an 
Independent Retrieval Phenomena." Psychological Review, 1971, (78), 314-32. E. Martin anc 
J. С. Greeno, "Independence of Associations Tested: A Reply to D. L. Hintzman- 
Psychological Review, 1972 (79), 265-67. C. Wichawut and E. Martin, "Independence of AB and 
AC Associations in Retroaction." Journal of Verbal Learning and Verbal Behavior, 1971 (10), 
316-21. D. L. Hintzman, “On Testing the Independence of Associations.” Psychological Review, 
1972 (79), 261-64. L. Postman and B. J. Underwood, “Critical Issues in Interference Theory: 
Memory and Cognition, 1973 (1), 19-40. 

?5See review by W. A. Wickelgren, "Memory Storage Dynamics,” in W. K. Estes (еа.), 
Handbook of Learning and Cognitive Processes, Vol. 4. Potomac, Md.: Lawrence Erlbaum AS 
sociates, 1976, 321-61. 

26A, М. Melton and J. M. Irwin, “The Influence of Degrees of Interpolated Learning ОП 
Retroactive Inhibition and the Overt Transfer of Specific Responses.” American Journal of 
Psychology, 1940 (53), 175-203. 
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For many years there was no convincing experimental evidence in support 
of the unlearning hypothesis, because memory was largely tested by recall, 
and recall is subject to retrieval interference factors such as competition. 
But it has now been conclusively demonstrated that 4C interpolated learn- 
Ing produces retroactive interference on recognition tests of memory for 
the originally learned AB pair.?* Although recognition tests are not com- 
pletely immune to retrieval interference factors, they can be made substan- 
tially freer of such interference at the time of retrieval than any kind of 
recall test. Furthermore, no plausible retrieval interference explanation has 
been advanced for the negative effects of subsequent learning on recogni- 
uon memory for similar prior material. Thus, the unlearning hypothesis is 
really the only explanation available for this retroactive interference effect 
9n recognition memory. 
" The Principal question now is whether all unlearning is permanent. 
ome unlearning might merely be temporary associative suppression. Most 
tests of АВ recognition memory have employed relatively short retention 
Mtervals since both AB and AC learning, so part of the storage-interference 
effect of the AC learning might be to produce a temporary suppression of 
the 4p association that recovers over time. However, there have been a few 
demonstrations that some amount of unlearning persists for up to an hour 
9ra day following AC interpolated learning, so at least some of the unlearn- 
E appears to be permanent.** Whether some of it is temporary associative 
Ppression is still undetermined. 
ti Uis worth noting that unlearning requires a fairly high ans of similar- 
tg а original and interpolated learning in order to рош т 
Авс Со since no significant retroactive interfer c Spr a in an 
irri par adigm by comparison to an sarap диз e ie ir ho 
of t B control group that is nevertheless pr even = e pr кчы s. 
etie e AB associations via some task such as reading jo s cr casing out 
the 75 in text material.) Learning other (CD) pairs of words unrelated to 
B words produces no unlearning of the AB association. — o 
b “cognition tests very likely tap the combined strength of association 
in 11 the forward direction from A to B and in the backward direction 
B to 4. Consistent with this hypothesis, unlearning can be produced 
ine forward and backward directions. That is, a page unlearning 
к Я ee reread ancy deers di di 
Purthe by recognition tests, as a forw: : FA abe eae 
Tmore, when the interfering learning consists of the same stimuli 


in 
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and responses, but w 
and backward associa 
ing effect is maximal 

By contrast, in M 


rward 
ith the pairings rearranged so that both the e 
tions are unlearned (4B-ABr paradigm), the un 
on recognition memory tests.2° 
MER recall tests it is pr 
Strength of the forward association that me 
Consistent with this hypothesis, a greater re Я - does 
tained with an АВ-АС paradigm than with an AB-CB paradigm, nor 


AB-AC 
the AB-ABr paradigm produce greater interference than the 4B“ 
paradigm with the MMER test.21 


ant ; i£ forward associa 
4 This is as it should be, if forward 
tions are the primary contributor to MMFR performance. 


-marily the 
esumed to be primar ye 

orform Г 
diates correct perd Pd 
troactive interference 


Response Suppression 


In the 1960s Postman an proposed a new шей 
mechanism to the effect during interpolated AC learning second- 1 см 
responses аге primed b ` mechanism, while first-list we i 
А i r are actively suppressed. ae ings 
period on the order of 20 minutes or so following interpolated lear n E 
ponses Spontaneously recover from their relative SUP 


rence 


s in an AB-CD par. 
ol Condition. Se 


DL since spont 


à toa 
adigm com nee 28 
cond, this retroactive interfer 


А ist as- 
e , с апеоцѕ recovery of the first list * 
sociates is obtained on MMER tests, if one w 


: Е : ing 
: : Д ats a longer time follow he 
interpolated learning. A Variety of other effects are also explained Бу 
response suppression hypothesis,33 
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of Verbal Learning and Verbal Behavior, 1966 (5), 205-7, A.S "Unlearning, Spontane- 
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Storage Load 


arch on short-term memory, some theorists 


In the recent wave of rese 
storage load, which referred to the 


began talking in terms of factors such as 
Number of items in a list that had to be remembered over a retention 
interval. To the extent that active rehearsal is involved in the short-term 
retention of a list of items, storage load is clearly a critical factor, since the 
greater the number of items the longer it will be between rehearsals of each 
пет and the greater the opportunity for decay. 

Posner and Konick, in a novel storage interference theory known as the 
acid-bath hypothesis, extended the concept of storage load to the realm of 
unconscious trace maintenance. The thrust of their hypothesis is that the 
larger the number of similar traces in storage. the greater the "acidity" of 


the local environment for a trace and the higher the acidity, the faster the 
rate of decay for a memory trace.?! This storage-load or acid-bath theory of 
long-term forgetting is similar to the unlearning hypothesis in that it post- 

h of the trace in storage—that is, it 


ulates an interfering effect on the strengt : | 
d it is not a retrieval interference effect 


ike response suppression, competition, and blocking. Unlearning, how- 
ever, simply produces a one-time drop in the strength of the previously- 
Stored 4B association at the time of learning the new AC association; there- 
after both AB and AC associations are forgotten at the same rate that they 


Would be in isolation. By contrast, with the storage-load (acid-bath) inter- 
existence of two associates to the same stimulus 


ference mechanism, the x 
(4B and AC) produces a more rapid decay of each one than would be 


Produced by a single isolated association (4B). 
rypothesis is, there is not a shred of evidence to 


Interesting though this h : 
Support it, and a few studies of both short-term and long-term retention 
have obtained results that are completely negative for it.?? For one thing, as 


We previously mentioned, recognition tests show no effect of similar proac- 
tive interference ОП the subsequent rate of forgetting. Although there is 
less evidence on this matter than would be desirable, it appears that the rate 
of forgetting in storage of two associations to the same stimulus is the same 
after both have been learned, as the rate of forgetting of either association 


learned in isolation." 


is Ў ; А 
5 permanent like unlearning, an 
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DECAY 


In the years of res 
Ebbinghaus, the passiv. 


rence 


“tivity 
pends instead upon жү 
pendent of the specific in agine 
» It is perfectly reasonable to ima 


t к el o 
function of Such factors as lev 
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er hand 
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Retention Functions 


e theory that both decay and inter- 
the excellent quantitative fit to 
bal and nonverbal material using 


hue of evidence that supports the 
Sette produce memory-storage loss is 

€ntion functions obtained for both ver 
the fragility theory previously discussed in the consolidation section of this 
chapter. In fitting retention functions the magnitude of the time decay 
Parameter does not vary much for different types of material under differ- 
€nt conditions. By contrast, the interference parameter varies enormously, 
as it should, since the similarity of subsequently processed material to pre- 
Viously learned material can vary from essentially zero to some very high 


value (as in AB-AC or AB-ABr paradigms). 


Delay of Interference 


_ In the consolidation section we discussed evidence derived from rate-of- 
forgetting and retrograde amnesia studies that the susceptibility of a mem- 
Огу trace to storage loss is continually decreasing with increasing trace age. 
If the only mechanism producing loss in storage were interference, then 
the shorter the delay between original and similar interfering learning, the 
Breater the interference should be. However, studies of both recall and 
recognition of AB associations as à function of the delay between 4B learn- 


mg and subsequent AC interfering learning = уша йа шоп 
rejecting the hypothesis that greater interference is obtained the shorter 
the delay between original learning and subsequent пешеп leaming 4 
Subsequent learning produces interference that is greater the greater the 
ергее of similarity to original learning, SO there is no doubt concerning 
the reality of interference as а factor producing loss in storage. At the same 
t that a factor that produces forgetting slows 


lime, there is als doub! 

, there is also no 0 r forge 
down in its effectiveness the older the trace. Experimental findings regard- 
ing delay of interfering learning clearly indicate that that force is not inter- 
ference ре ве by exclusion, it 15 the susceptibility to some noninter- 


ference (decay) factor producing forgetting that is reduced as the trace 


becomes consolidated- 
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Extraexperimental Interference 


ion of a 
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effort to demonstrate Such extraex 


, ing О 
: : загу forgetting 
mply does not appear that the ordinary forg rence 
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outside the laboratory." mate- 
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үжен ы, waking period.** This sleep effect was long interpreted to 
Bei dae or interference as the sole or dominant cause of forgetting; in 
“ди! ; Studies of the effects of sleep on memory were probably the main 
orgettins the decline of interest in the 1930s in decay as a mechanism of 
the са Thus it is amusing to note that there are now three findings of 
Ped ai of sleep on memory that are inconsistent with the interference 
(п апоп of the sleep effect and that appear to require an explanation in 
of a temporal decay mechanism or à temporal consolidation 
ш. шш or both. Since fragility theory links the gradual reduction in 
Ceptibility to time decay directly with the consolidation process, tem- 
Poral decay and consolidation are closely interlinked processes according to 
this theory. : 
Mir Ekstrand and his colleagues demonstrated aed E is on 
foe y slower over the first half ofa night's sleep tuam оуегше SECON 
lis a ee illustration of ше sleep effect is phann ie piure 
79)? Such an effect seems paradoxical for an interference explanation 
of the sleep effect. In fact, the small amount of forgetting that Jenkins and 
Dallenbach observed was frequently attributed to the period of wakeful- 
Ness that preceded the onset of sleep. This ought to produce a greater 
beneficial effect of sleep over the second half than over the first half of a 
nights sleep, which is exactly contrary to Ekstrand's results. Even more 
IScrepant with the interference hypothesis of the sleep effect is that the 
Second half of the night seems to produce virtually no sleep effect what- 
Soever compared to an awake condition. That is, forgetting over the second 
half of a night of sleep is at approximately the same rate as during a 


C è É 
ОтрагаЫе waking рет іоа. е Xi я : 
a much greater frequency of dreaming than 


The second half of sleep has | i r 
the first half, só the greater rate of forgetting might be because of interfer- 
ence from dreams. This appears not to be the case. Ekstrand, Sullivan, 


Parker, and West studied recall (MMFR) of two lists (4B, AC) over a seven- 
hour retention interval filled with sleep. One group was systematically de- 
prived of dream sleep by being awakened whenever measures of eye 
movements, EEG (brain waves), and EMG (muscle tension) indicated the 
beginning of a dream. A control group was awakened the same number of 
times but not during dream states. There was no significant difference in 
retention between the control and the dream-deprived subjects.*® 

At this point it seems necessary to reinterpret the sleep effect as the effect 
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ogy, 1971 (88), 361-66. J. F. Gann (reported in B. R. Ekstrand), “To Slee = P Psychol- 
(About why We Forget)," in Duncan, Sechrest, and Melton, Human ve erc hance to Dream 
46B. К. Ekstrand, M. J. Sullivan, D. F. Parker, and J. N W jns emory, pp. 59-89. 
Sleep.” Journal of Experimental Psychology, 1971 (88), j49-44 est, "Spontaneous Recovery and 
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Log (Memory Strength) 
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of a general arousal or activ: 
taneous decay or consolidati 
nervous system during the 
rapid rate of temporal decay or a faster ra 
the higher state of neural arousal characteristic of the second half of sleeP 
or during the time an individual is awake. 

Hockey, Davies, and Gray obtai 
that retards forgetting, but rathe 


ity level of the nervo 
on process, w. 
first half of sl 


on- 
us system on some SP he 
hich means that the state 0 less 
еер is such as to produce a 


-urs at 
te of consolidation than occurs * 


the night or morning, keeping 
nightly sleeping period and othe ng a five-hour perio 

when they were normally awak the usual groups for 
retention after a period of slee er a waking retention 
interval during the morning. They found that recall after a five-hour re 
tention interval at night was superior to recall after 


a five-hour retention 
interval during the day, irrespective of whether subjects were awake ОГ 
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a » 

PW ERA. ше retention interval! (There was a very slight difference in 
erably eT ceping as opposed to the waking condition, but it was consid- 
ut il js y T than the time-of-day effect.) This result needs replication, 
tween re ah consistent with the previously discussed differences be- 
appears 1 um and second half of the night. Once again, the sleep effect 
reds о be a reduction of decay or an increase In consolidation that 
“Шла arousal or other nervous-system rhythms. An interference 

s ation of the "time of day" effect would appear to be impossible. 
olm pointed out, studies in three different laboratories have 
differe, rated that the point of interpolation of sleep makes a considerable 
ing, ei 2 in the magnitude of the sleep effect. Specifically, if after learn- 
bes ht hours of sleep occur immediately followed by 16 hours of wake- 
655, retention is far better than if 16 hours of wakefulness are followed 
SP а hours of sleep. This means that you not only will remember very 
night the morning of the exam the material that you crammed-in the 
3 efore, you will also remember it far better later on than material you 
ч earlier in the day. (Of course all other factors are not equal: at- 
припр to cram the learning of a large amount of material into a small 


Period of time usually produces an inadequate degree of understanding 
; value of the learned material to subse- 


that raj pu: "a 
at raises the average similarity я Д 
quently processed material, which produces more rapid forgetting. How- 
Ever, the sleep effect is undoubtedly one reason why cramming the night 


fore is not absolutely disastrous-) Е ; 
arly in the retention interval 


This finding that the occurrence of sleep ea 
Produces superior retention to that obtained if the same amount of sleep 


Occurs later in the retention interval is in sharp contrast to the results 
Obtained with retroactive interference. As previously discussed, the delay 
tween original and similar interfering learning has no effect on the mag- 
Nitude of interference, whereas the delay between original learning and 
sleep plays a substantial role in retention. Once again it appears impossible 
to explain the sleep effect in terms of a reduction of interference. 
Furthermore, as illustrated in Figure 14-4, the effects of point of interpo- 
lation of sleep are precisely as predicted by the two-factor fragility theory of 
Memory storage dynamics, according to which the decreasing fragility of 
the trace (decreasing because of the consolidation process) affects the rate 
of time decay but not the susceptibility to interference. As we have seen, the 
sleep effect must be attributed either to an increase in the rate of consolida: 
tion or to a reduction п the force of temporal decay. According to fragilit 
theory, either an increase in the rate of consolidation or a reduction S tł y 
force of temporal decay will be most effective immediately following TER 


ag R. J. Hockey, 5. Davies, and M. M. Gray," i 
cx ray, “Forgetting as a Function of Sleep at Different 


Times of Day-" Quarterly Journal of Experimental Psychology, 1972 (24), 386-93 
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8 hours asleep 


16 hours awake 
16 hours awake 


8 hours asleep 


Log (Memory Strength) 


1 8 B 
Log (Retention Interval in Hours) 


, r 
Figure 14-4. Hypothetical retention functions illustrating the point of interpolation findings f^ 
the sleep effect that eight hours of Sleep immediately following learning followed by 16 bier 
awake produces superior retention to 16 hours awake followed by eight hours asleep. 5! 
long-term retention functions are linear on 


i я this is 2 
this log-log scale, it ically clear that 
prediction-of-fragility theory. 9799 e, it is graphically 


А ; to 
P effect is almost precisely the so” 


. d n В "uh 
n his seminal review of 


and/or metabolic activity during retention in 
perature generally slow down biological activity, Allow 
ting of a T maze habit in the grain 

cold environment during the retent ch and Dücker foun 
less forgetting in fish given a tranquilizing drug or kept in dares doni 
the retention interval. French found an increase in forgetting in fish that 
were heated during the retention interval. Gleitman and Rozin replicate 
this result in one study, but they failed to find the same effect in anotheT 


ay found less forge" 


jn а 
MEER €etles were kept 1? 
10N interval. Rens 


“To S © m^ 
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light nitrous oxide (laughing 


Study.:9 t T 
Y? As mentioned earlier in the chapter, 
previously learned verbal 


gas z si i | 
+ anesthesia reduces the forgetting rate for 
erial in human beings. 


A 
RE THERE QUALITATIVE CHANGES IN MEMORY? 


T; ; : TS СБ 
ds ip roughout this chapter we have discussed consolidation and forgetung 
h these processes involved only quantitative changes in memory traces. 

€ assumption that memory traces do not unconsciously evolve in any 


ү. уау without new learning has been either an explicit H mpi 

* оп of virtually all memory researchers. Pd "Es ar 

te voices to the contrary, such as some Gestalt psycho ogists w o studie 
mory for form and the famous English psychologist Sir Frederic Bart- 


ett, w : | 
һо studied memory for stories . А 
ulf and other Gestalt psychologists noted that if subjects were given 


ted figures, such as squares or circles with gaps (holes) in them, Baer time 
jects would tend to fill in the gaps» 50 as to form "good"— complete- 
figures. Hebb and Foord, using recognition memory tests obtained evi- 

ence that contradicted this qualitative change hypothesis. They claimed 
that their study was less subject to response bias effects than the earlier 
recall studies of the Gestalt psychologists. Subsequent recognition studies 

àve obtained a variety of results, including some that show positive evi- 


се fi Tur “he 5 
ence for the Gestalt prediction of qualitative changes | 
Bartlett showed that the recall of folk tales taken from different cultures 


Will tend over time to have elements that are more familiar in terms of the 
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culture of the person d 


грегі- 
: 2 d t exper 
omg the recalling. Here again subsequent exp 
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ays supported the qualitative change d gen 
for form and memory for stories, it is relatively АБУР 
effects cannot be obtained. However, S Baa 
recognition are easily explainable on the basis o d as 
5 in memory traces. For example, if someone : rapid 
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SUMMARY 


l. The Primary function of rehears ace maintenance during 
retention interval. Increased trace acquisition js possibly a secondary 
function of rehearsal, but rehearsal Of asj E 
acquisition level only for the first Second or two. further increases ій 

acquisition result from new encodings, 4 

2. Consolidation is not an increase in trace Strength, but a reduction i? 
trace fragility. Reduction in trace fragility ig most rapid immediately 

after acquisition, but consolidation apparently биш at a progres” 
sively decreasing rate for the entire lifetime ofa memory. 

3. The form of the retention function is such as to translate moderate 


differences in level of acquisition into large differences in longevity О 


al is tr 


retention. 
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Retrograde amnesia appears to be temporally selective, in that the 
memories most likely to be lost are those most recently established, 
independent of strength. The same temporal selectivity applies to 
recovery from retrograde amnesia: the first memories to return tend 


t 3 Е 
о be the oldest memories, not the strongest or the weakest. 


Nonassociative recency judgments of events occurring within the last 


hour may be based on the fragility (degree of consolidation) of the 
memory traces for these events. The results of the consolidation pro- 
cess may thus provide a kind of intermediate-term biological clock, 
ume tagging events for recency. 

is the strengthening 
. Interference can operate during 


Associative interference of at least two associa- 
tions to the same node (4B and AC) 
acquisition, storage, ог retrieval. 
Retroactive associative interference (AC) has a negative effect on 
memory for the previously learned association in three ways: (1) The 
AC association competes with the 4B association at the time of re- 
trieval in a recall test (retrieval interference). (2) The learning of the 
subsequent AC association reduces the strength in storage of a prior 
AB association (unlearning ОГ storage interference). (3) The learning 
of the C response may temporarily reduce the subject's set to produce 
the B. response to any stimulus in à recall test. 

en has a negative effect 


-ference (AB) (1) oft 
(acquisition interfer- 


Proart: H . Я 
Proactive associative intet gs 
association 


on the learning of a subsequent (4C) qt d 
ence or negative transfer). and (2) produces competition on a delayed 


recall test for the subsequent association (retrieval interference), but it 
probably has no direct effect on the loss of trace strength for the 


subsequent association in storage storage interference). 


ciatior 


(no acid-bath 
a occurs at the time of learning the 
fterwards in the storage 
1, there are no negative 


Unlearning of a prior asso 
subsequent interfering association and nota 
of both associations. In the absence of rehearsa 


effects of storage load on forgetting rates. 
Two factors produce loss of trace strength in storage: temporal decay 


and interference. 
forgetting factor that slows down owing to 


ith increasing trace age- The susceptibility 
ference (unlearning) that results 
ains constant regardless of trace 


Temporal decay is the 
decreasing trace fragility м 
of an AB association to storage LEE 
from learning an AC association rem 
age and consolidation. 
ly during the time of day in which one 
usually sleeps than during times when the brain operates at a higher 
a general activity (arousal). The beneficial effects of sleep on 
ion are largely or entirely time-of-day effects and have little to 


Forgetting occurs more slow 
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do with the reduction of opportunity for interference. The sleep | 
fect on retention may be the result either of a reduction in the санні 
neural activity factors producing temporal decay or possibly o 
increase in rate of consolidation during sleep. | T 
Apparently qualitative changes in recall can occur over m 
retention intervals, but such qualitative changes in output migh " 
sult from purely quantitative changes in the strengths of mem 
traces, because of forgetting traces at different rates. 
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and Recognition 


OBJECTIVES 
re c ex res 
l. Зр ; retrieval tasks from more complex 
- To distinguish elementary 
"docile n perceptual recognition and recogni- 
2. To discuss the relation between P 
чар: siam i recognition memory must be con- 
3. To make the point that ever петте «mory, that the familiarity 
М d “ae on no sociative recognition memory, t vh 
sidered a type of asso“ h of some association. 
x of so 
- T : к e strength PEN emorv 
of an item is based on th шз ecognition: a memory 
& "p | lescril two-stage model of recall and recog 
a o describe a twO-ste -isi rocess. 
"Y 1s10n мы 
retrieval process followed by а en акі different recognition and 
5. Todi -isi rocesses tOr Ў Ё hs in these tasks. 
3. "us decision p -memory strengths in 
To DEN sin the measurement of memory $ | 8 КЕТПЕШИ ТЕ 
геса asks г r Ses ) 
М recall tasks anc lirect-access and search hypot vobis mies "i 
т қа rect-a А -ect-acc е5 
B eee im the c ie the evidence favoring a direct-2 
trieval and to prese 
a recall. è 
both recognition and geas. 1 is better (easier) than recall. 
tion 15 re 
їч” i shether recogn! T ects of recognition 
ANM зе, retrieval, and decision asp g 
To com pare the storage: 
em such as fugue amnesia, multiple Lees 
9. - itions ‘here retrieval may vary 
9. To explore conditio ois rid the drug state w here retrieva y y 
dreams, hypnotic тапс, Е 
тіпа. . 
with the global state a “ee of retrieval that can affect recall per- 
А time 
10. To describe factors at the 


You have surely had the 
someone you know rather ме) 


ilable for retrieval, arousal, motivation, 
al 


" 
ES á and irrelevant cues, and the tendency 
an 


ntary recall. 


formance such as the un 
attention, number of relev пе 
to make inferences from frag 


erience of failing to recall the name of 
ex p 
" " is an embarrassing, but all too common 


experience. Usually you would recognize the name immediately if you 


395 


396 Retrieval: Recall and Recognition 


E n > 1 new 
heard it, and often you can later recall the name, given more Ба uis- 
cues, and less anxiety. This memory problem is not primarily one of acq 


ie: "er : cannot 
ition or storage. The trace for the name is in your memory, you just ca 
retrieve it at the moment. 


. DNE эй <now 
It is even more disorienting to meet someone you are certain you k 


and starts talking to you like an old friend), but wid 
all a single fact. Usually these are people you mes atly 
t from the one you are in at present, and appar = of 
remely important cue in these cases for егы be 
€ person. Here also the primary problem is likely face 
least some memories about the person are doubt 


in your mind, if only you could get to them. | 5 
ion memory can also be unreliable: © 
©. In déjâ vu one feels in the middle © is 
as all happened before, even though a is 
; On other grounds, that this could not possibly be 50. 5 г 
aces and, more strikingly, P 
ical disorders déjà vu experiences pondo 
most normal people have | Аў 
i ormal déjd vu 15 ^ 
are similar to some previous? 
are enough distinguishing 
has actually not occur! 


experienced déjd vu. 
the events that trigge 
stored event (or dream) 


ELEMENTARY AND COMPLEX RETRIEVAL TASKS 


Retrieval is the process by which 
something as familiar, recall something 
recency of some event experienced in th 
retrieval, recency has received compara 
is not established as a basically different type of retrie 
recognition and recall; hence we shall not discuss tlie sens f recency 
information here. Nor shall we concen etrieval of ге 


ies to zachen 
ed, or judge the 
g the three Rs 0 


sometimes been studied in the laborat Nera: gel 
attention to elementary recognition and recall, al confine 
Recognition can be subdivided into yes-no and multiple-choice saute 
tion. A yes-no recognition memory task 15 one in which the «сес нА 
small amount of material and required to make a Single mental decime 
regarding whether that material was presented befor ubjectively is 
decision is based on the strength of the overall feelin , 


oF Ing of familiarity for the 
material. A multiple-choice recognition memory task is One in Which several 
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alter + 

кы esc си and the subject chooses the one that was pre- 

Comparative _ шүре по recognition appears to be based on the 

lnwhigi a s amiliarity of each alternative. An elementary recall task is one 
à subject reports the first thought that comes to mind following 


уп to some cue(s). 
TR эш са tasks presumably invol 
invalves We and recall processes. Ordinary 
ample in complex sequence of recognition 23 i : 
direcily fr trying to recall someone's name, I first. attempt to Денеге it 
specifi. from my concept or image of the person. If that fails, Iu y to recall 
а information concerning the person 1n an attempt to provide addi- 
жешүү ч cues to increase the probability of recall de associative 
iod nye In the process a number of alternauve names usually pop into my 
Ds and these are tested for correctness via recognition memory. Finally, 
TRN sometimes resorted to going through the aphan generating com: 
ме irst names—A-names, then B-names, and so orth—testing each re- 
ý ed name by recognition memory- "T 
, Itis difficult to control an experimental recognition or recall task so as to 
insure that it is confined to a single elementary recognition or recall pro- 
оз and most experimental tasks probably fall short of the ideal. Neverthe- 
ie seems worthwhile to keep the ideal SPACES uera ere E Е 
оп studies that appear closest to achieving ying the 


two e Я ition and recall. 
vo elementary retrieval modes of recognition 2 d " 
break a complex process into 


It is generally good scientific strategy 10 EE OE СЕ 
Parts a 1 ntar componen s in isolation. or exam- 
s and study the more eleme y 
udy th of perhaps 20 words, followed 


Ple, the fr -adi begins with a list 
, the free-recall paradigm Des) 
y an oM ore С the subject to recall as many of the words on the list as 


Possible. Free recall is a complex process: кере recall is required, and 
Subjects can, and probably do, check their paie responses via recogni- 
tion memory. Most important, шене! a subject mse Ga EEUU ТАГ 
member of the list are not under miniis е In free-recall situa- 
tions, retrieval strategies differ ESTE пп f this makes precise analysis 
Of the process difficult if not impossi e tis ч argued that free-recall 
Situations are useful te study a т 2 - us apte the Inore complex 
recall tasks that occur 7 real li d Со eral anime? ie prineipaladvantages 
ee ane et оц сола be studied in the labora- 
tory under muc ore care u y controle conditions than occur in real 
life. Free-recall tasks simply fail to take sufficient advantage of the capacity 

trol. In analyzing recall we shall concentrate on studies of 


for careful " roduce a i ere: 
ere subjects pr d 51 gl sponse to a specific cue, as ir 
, 


я wh 2 
probe теа ssociate recall paradigm. 


ve a sequence of elementary 
memory retrieval frequently 
and recall judgments. For ex- 


h 


a paired"? ^v complex recogniti 
ition task Е : 
Examples о X 2 | ? 1 tasks are somewhat more difficult to 
ficOurse iple-choice recognition task is more complex than 
a 


obtain: iti 
nition task; 3 
Ус по recog ; furthermore, the complexity of multiple-choice 
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recognition obviously increases with 


^ alternatives 
an increasing number of alterna 
for the subject to consider. C 


omplexity can also be introduced into ар 
if subjects can enhance their recognition of ап isi 
monic that they used at the time of dor 
may have learned the pair B-eggs by se Y tÜ 
a con-eggs. In principle, it might be е 
` recall-mediated recognition separately. sci tb 
rict control of the time permitted the pn бте 
ition decision. However, recall can be very rapid, and valet 
that allow us to distinguish between elem 
recall-mediated recognition memory. aa 
Similarily, Many studies of paired-associate recall do not restrict саун 
t subjects from using a recognition chec} o 
the first thought that POps into their mind following presentation of em 
i the temporal dynamics greens 
val processes that we do not know how 1 x, 
€ recognition о 
and recall tests we discuss in t a 
€mentary as we might desire, but we СЕВЕ 


; ч C syllables апа answer the following 
questions: Were any of the CVC ? If so, which one(s)? ui 
he time you read it or er 

rt-term memory? Many peop 

as SIP when it is embedded in a set of non- 
а 1t 1S possible to perceive and pro- 
nounce a word at some phonet t ognizing that it is a word 
and getting the associated feeling of familiarity, The Same word "recogni- 
tion" is often used to describe both Perceptual recognition and recognition 
memory. However, there is at least some sense in Which one can perceive a 

s u pronounced each Cvc syllable as a single 
integrated verbal unit, not as a sequence of letter names) without recogniz- 
ing it in the sense of retrieving its familiarity in memory as a unit. 

Of course, what you perceived in the above case was Presumably not an 
integrated word unit but a syllable unit or a set of phoneme (letter sound) 
units. Presumably you had a feeling of familiarity for the letter constituents 
of each CVC syllable, and this feeling may have be 


n completely Coincident 
with your perceptual recognition of each syllable. Had You received a se- 
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u might have recognized 
g 


quence of stimuli such as GLAP, PLAP, TLAP, yo 
an unfamiliar 


Pa upon perceiving TLAP that it contains mili 
SIP at аныш TL. Had you activated the chunk representative for 
ttieved e YN ord or concept level you might well have simultaneously re- 
T its familiarity value. 
öfa де relationship between the perception of a stimulus and the gs 
ME ip. ing of familiarity for that stimulus—that is, between perception an 
. "9Bhition memory—is still a mystery. When the same word appears in an 
Е memory оп different occasions and signals the same concept, it 
ould activate the same internal representative in memory. There may be 
e degree of independence, or some time delay, between the time the 
Stimulus activates its appropriate internal representation (perception) and 
the growth of a feeling of familiarity for that stimulus (recognition mem- 
огу). However, it is at least as plausible to assume that these two processes 
Occur at precisely the same time in a manner that is so totally interdepen- 
dent that the processes cannot and should not be distinguished. At present 


We sj Mec E 1 T. 
S simply do not know how these two processes interact. 


ITEM MEMORY AND ASSOCIATIVE MEMORY 
Asking subjects whether they have ever been exposed to sa dedi 
à relatively pure example of what might be called recognition memory fora 
Single item. By contrast, when subjects are SNR One Duos familiar 
Words were presented previously as a pair in a pair та learning 
task, the question refers not to the familiarity of the individual words but to 
their pairing, in which case the decision is presumably based on the 
Strength of association between the two words, peh may be indirectly 
mediated by the strength of associations from cach wora to some higher- 
level proposition or image of which these two words are constituents. 
Most so-called item-recognition tests involve presenting a list of words 
followed by a recognition test in which the presented words are mixed with 
a number of distractors. and subjects have to decide whether each word was 
presented in the preceding list. D se conditions, the decision is not 
whether any word is absolutely s ens ecause each word has generally 
been expeti f thousan de times in the subject's lifetime and 
therefore is familiar on an poi us The question concerns some type 
e a between each wor and the experimental context. Thus, such 
relative item-recognition memory tests are actually special cases of associa- 
tive recognition memory tests. 
Furthermore. even the supposedly absolute recognition memory tests for 
completely novel Suess ee well tap the strength of association between 
liar constituents of the novel stimulus and some higher-level chunk 


the fam! Е y 
д created to represent the entire set. Since this is very likely the way in 
) ) 2 


o an item before is 


nod 
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which many word-word paired 
type of associative strength may 
in all cases of recognition mem 
types of strength, 
Strength alone woul 


associates are learned, precisely the pue 
constitute the familiarity Mignon joey 
ory. There is really no need to d 
item Strength and associative strength. Assoc! 

d appear to be suffic 


: бш р к "item" strength 
There is no harm in this, so long as it is understood that "item" st 
probably refers eithe 


r 
node and a node 
tive strength ( 


Я " E ed er or 10 

€ attributes of the item to cach othe feri 
their chunk node), A diagram representing an associative coding 0 
memory is shown in Figure 15.1, 


Throughout this chap 
ples from either paired- 
interchangeably, So far 
associative memory, 


ter we shall discuss memo 
associate or item-reco 
as we can now 
So there is little r 


ry retrieval using is e 
gnition memory more ia m 

determine, item memory is а po 

€ason to distinguish between the 


; - z Я the 
1) as Input to retrieve (access ure 
he strength formulation, what is retrieve 


item i. Occurred in context j attribute 1 dues dista 
(a) (Б) es 
Relative (Context-Dependent) Absolute (Context-Free) 
Item Memory uen Pha 
Figure 15-1. Two associative interpretations of 


item Memory. In (a), the meaning of item 
xtj, possibly by means of a proposition such 
ng of item memory is that a has 
ime in the past. еен 


memory is that item has been associated to conte: 
as "item / occurred in context j." In (b). the meani 
been formed for the attributes of item j at some ti 
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ke TM test, or one of several responses on a recall or multiple- 
> recognition test. 

ee AB paired-as ociate memory as an example. In the usual 
ea recall test, the retrieval cue is stimulus item 4. This initiates re- 

al of the memory traces to item 4. When the AB association 1s 1n 
Storage and when the recall retrieval process retrieves the 4B memory trace 
ke the only trace retrieved or as the trace with the greatest strength, the 
decision process selects and outputs B as the response. It is reasonable to 
assume that the decision rule used by the recall decision process is to output 
the response that has the greatest retrieved strength of association with the 
stimulus (retrieval cue). Perhaps there is also a recall threshold such that no 
response is emitted, unless an association with A has a strength greater than 
Some threshold level. А pure threshold decision rule is that a response 15 
emitted if and only if its strength of association with A exceeds the 
threshold. If more than one associative strength exceeds the threshold but 
only one response is permitted, subjects might then also employ a maximum 


decision rule and select the alternative with the greatest strength. 
Obviously recall can be aided by introducing additional retrieval cues- For 
example, in paired-associate recall, if one supplies not only the stimulus 
word but also the first letter of the response pen the cg of hes 
recall will i sid ch structural retrieva cues, one can also 
il ease. Besides su Ў 
l increase, В se word as a retrieval 


: i respon 
Provide a synonym or a strong associate of the! ey З call. This і 
Cue. All these cues will increase the probability © Ee mu. LS M. 


perfectly reasonable under the assumption that the Logs ciem ee a 
from various cues add in some way» increasing 5 dn ility that the 

Strength of the correct alternative will hae the thr а п b bos 
In paired-associate recognition memory te n е C An 
association consist of both the 4 and B items of the рап i he recognition 
retrieval process takes these retrieval cues as input an produces the 
: as output. This strength serves as 


а Р en A and В 

str ocia etwe S M ST "m 

sri iie sos decisiaf process, which may then follow the criterion decision 
inpu о ; 


"s 1 omg “уез” (the pair is familiar) if the retrieved strength of the AB 
a Жс familiarity) exceeds some criterion; respond “no” if the re- 
ciati 


trieved strength is less than the criterion. A recognition criterion differs 
eved S : 
hresh 


old in one respect: the recognition criterion is assumed 
to be highly variable depending i ns subject's bias to say yes, Whereas the 
мар ally considered to be a constant, high level of 

ca ation below which one simply cannot think of 


н of the к 
e ae the B response to the A stimulus. 
retri 
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DECISION RULES AND STRENGTH MEASUREMENT 


Yes-No Recognition: Criterion Rule 


The most plausible 
memory is the criterion 
criterion. If memory 
"yes" (the pair is old 


hypothesis about the decision stage of xn dp 

rule, whereby Strength (familiarity) is compare: it 
Strength is above the criterion, the subject e t 
or familiar); if it lies below the criterion, the subJ li- 
responds "no" (the pair is new or unfamiliar). Even under constant Ris 
tions there is as stantial variability in the amount of memon 
strength acqui i learning, and there might be шн 
the time o leva 5 also possible that there is variation int r- 
erent rates of consolidation, decay, or ird 
ted (old) items, Furthermore, there is amd 
pairs owing to their similarity or as nd is 
€ retrieval process, This all produces a distri ps 
Y Strength for both old and new items, as illustrated ! 


Figure 15-9, 

A rather elegant w. 
old items under any 
theory introduced in 


ay to measure the 
condition is prov 
to Psychology by 


R ce tor 
strength of the memory sd T 
ided by statistica] decision theory: 
Thurston 


€ and greatly extended by 


Old items 


Е HR = Pr ("'yes"'/old) 
New items ET ta 


EA = Pr ("yes""/new) 


NO 


YE E CENE. 
Strength (Familiarity) s 


Figure 15-2. Hypothetical Strength distrib items: А дЫ. 
a decision rule, whenever the Strength of an item iS above the КИЗ, а а 
responds "yes," and whenever the strength is below the Criterion, the Ubject rs onde npa 
The hit rate, HR, is the probability of correctly recognizing an old item, асе арР А, 
is the probability of incorrectly recognizing a new item. From the hit ang false-alarm fates d' 
can be calculated, which is the difference in the average memory st 


i istributi 'ength of the old and new 
items measured in units of the standard deviation of the distributions (here assumed io [tine 
for old and new items). 


ution for old and new 
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is and application of statistical 
ail elsewhere and are 
] decision analysis of 


Tanner. S 

Meer Vues and Green. The methoc 
beyond Pies to memory are discussed in det 
recognition ор of this book." What the statistica 5101 
апа false кл does is convert the empirical probabilities of correct 
Strength ud (hit rate and false-alarm rate) into à measure of the 
Strength ( Pes memory trace for the old pairs. This measure of memory 
to be the = ten given the symbol d^) takes the average strength of new pairs 
strength a о point on the strength scale, and the standard deviation of the 
Strengu distribution for new pairs is the unit of measurement. The 
the ditfe "DESSUES d" is thus an interval scale —that is, a scale that measures 
lute ee in strength of correct and incorrect pairs, rather than abso- 

Gace 

Nae the primary successes of the st uet ee Ta 
of diffe jon memory is that 1t provides a plaus! rita or des 
for th TENKES M criterion across subjects and across C! Voss conditi ns 
e 5 same subject. That is to say, both correct and false id. ien sse 
KAE the lower the subject places his О! has cr n e the 
tria ie scale. It is desirable to obtain à measure 9 e PS 
Коен (strength) that is independent of iterion pia Wie rae ide 
sure is provided by the d' score, since the san air 


1e d' value wi 
: i а e А y : 
“ue the methods of statistical decision theory regardless of where the 
bject places his or her criterion on the strength scale. 


atistical decision analysis of yes-no 


Maximum Rule 


Multiple-Choice Recognition: 
emory can be extended 


recognition m 
means of the maximum 


fe The statistical decision analysis of 197 
? multiple-choice recognition rather plausibly by : 
Tule as suggested by Thurstone, according tO which the subject chooses the 
2 ximum stre familiarity.” Tables exist that 


alternati y 
alternative that has the ma ngth О! { 
ity of corre e for various numbers of 


translate from the probabil ct choic i 
alternatives to the measure of d', using sim lifying assumptions such as the 
tions of all of the strength distributions for 


€quality of the standard devia 


€ach alternative. 
Comparative Judgment.” Psychological Review, 1927 (a). (34), 
is." American Journal of Psychology, 1927 (b), 


1L, L. Thurstone, “A Law of 1A 
sical Anal 
hysic Use of Information: I. Signal 


273.86. L. L. Thurstone, "PsychoP 


(38), 368-89. W A. Swets 

А 9. М: Р. T nd J. * А п i 

Detection for the P, Tenner id Known Exactly.” Transcripts of IRE Professional Group on 
13-21. D. M. Green and J. A. Swets, Signal Detection 


Information Theory, 1 GIT-4, Рр: : 
Theory and pie ncm вела еу, 1966. J. P. Egan. "Recognition Memory and the 
Operating Characteristic." Indiana University» Hearing and Communication Lab, 
AFCRC-TN-58-51, AD 152650, 1958. W- A. Wickelgren and D. A. Norman, "Strength Mod- 
els and Serial Position in Short-Term Recognition Memory." Journal of Mathematical Psychology 
1966 (3), 316-47. р Š 
?Thurstone, SX Jawat Comparative Judgment” and “Psychophysical Analysis.” W. A 
Wickelgren, “Unidimensional Strength Theory and Component Analysis of Noise in Absolute 
and Comparative Judgments.” Journal of Mathematical Psychology, 1968 (5), 102-22 DS 
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The probability of correct choice on COE 
decreases the greater the similarity of the incorrect alternatives to the ae 
rect alternatives. For example, if one has learned the paired dr is 
ball-pink, the probability of Correct recognition is lower when the choice A 
between pink, red, blue, and maroon than when the choice is between ari 
sad, ant, and democracy, because in the former case one must remember t it 
exact response, whereas in the latter case one need only remember that | 
that the difficulty of a multiple-choice tes 


i pao ition task 
a multiple-choice recognition ta 


association to the cues in the question: 
stractors, the smaller the differ 
ence in strength (d^) betw s and the correct alternative = 
€cognition memory on the sly 
"get alternative has some importa! 


1 a 
s an important leg? 


5 а precise answer į to provide more nearly 


equal (if not perfect) justice for all indiy 


Small Recall: The Maximum Rule 


When one is testing recall w 
small population (such as the s 
litle difference between what į 


Du a 
Ue responses selected from 4 


gits “o” and “1"), there may be 

. У Called a recall test and what is 
51; : niti : the 

subject is highly familiar with the response set, Enition test, provided 


However re 
» When there we 
udy foung Subst 


four-alternatiy 
ognition for the same pairs.? Thus, while it may be 


maximum decision rule to recall from a small po 
even in this case recall may bea fundamentally di 


: different m 
recognition. One possibility is that multiple-choic 


Ў €chanism from 
recognition is sequential 
°D. A. Norman and W. A. Wickelgren, “Strength Theory’ oF Decision Rules 

Retrieval from Short-Term Memory.” Journal of Experimental Psycholo 


in 
гу, 196 and Latency 


9 (6), 199-208. 
pl. 
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by choice of the alter- 


hand, recall may be a 
eval of all the 
e alternative 


retriev 2 
of familiarity for each alternauve followed 


native wij 

w кы 

vith the maximum strength. On the other 
ative strengths: parallel retri 


simu В 
ltaneous comparison of altern 
followed by choice of th 


associati : 
Wh ay with the stimulus item 
he maximum strength. 


La 
rge Recall: The High-Threshold Rule 
emely large, a5 in a 


ernatives is extr 
all task of hundreds or 


е number of response alter 
thousan тй word-word paired-associate rec | ДЕА 
m: Ser different words, the subject s ability to recall a response W e 
"nen ceil word probably depends virtually entirely on den ic 
Sets ar 198 between the stimulus word and the response word. Response 
teas: e largely eliminated as a factor. Under such conditions it is not 

nable to assume the maxi le, since the number of 


alternatives j mum decision Bes p d 

is extr. ves is not well defined. When the number o in : A ; 5 s 

as s emely large, it seems more reasonable to assume a high-thres hold rule 

elspa by Bahrick, wherein the subject responds ony hee а 

а зоча between the stimulus and a response exceeds some high 
eshold.* If the recall threshold is very high, 


h an incorrect alternative will 
ave little i я -rors will consi 
е little or no chance of exceeding the threshold, and errors will consist 
ften to be the с 


la : i ЖС 

Te Rey of omissions, as appears 9 | ase in such situations. 

Ntrusions (incorrect guesses) may result either because an incorrect item 
r, more likely, bec 


о . ier! 
ay exceeds threshold strength О э ause the subject 
€sorts to random guessing when no alternative exceeds the threshold. 


Ess OR SEARCH? 

regarding memory retrieval: direct access and 
Search. The direct-access hypothesis has often been linked closely to the 
Continuous strength hypothesis ofr repr sentation, and the search 
hypothesis has often been linked to 4 finite-state, even an all-or-none, 
trace-representation hypothesis. I ssible to combine a direct- 


access retrieval hypothesis with an all-or- | | 
bine a search-retrieval hypothesis with a continuous strength hypothesis. 


One can also assume various mixtures of direct access and search. For 
example, many memory researchers have accepted Kintsch's hypothesis 
that recognition is a direct access process. while recall is a search process. 
Juola, Atkinson, and their colleagues proposed that recognition has two 


RETRIEVAL: DIRECT ACC 


There are two hypotheses 


^H. P. Bahrick, “The Ebb of Retention.” Psychological Review, 1965 (72), 60-73. W. A. Wick- 
elgren, "Strength/Resistance Theory of the Dynamics of Memory Storage,” in D. H. Krantz, R 
C. Atkinson, R. D. Luce, and P. Suppe? (eds.), Contemporary Developments in Mathematical 
Psychology, San Francisco: Freeman, 1974. I 
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: А 9» -etrieves a strength 

Stages. First, there is a rapid direct-access process that retrieves a $ a 
M * T & : ^riteri a 

for the test item (or pair). If strength is above some high criterion, г E 

response is made. If it is below some low criterion, a “no response 15 


En Drm pe slower sequentia 
If it is between the two criteria, the subject invokes a slower seqt 


д н таве list in 
search process to attempt to find the test item on the appropriate 
memory.5 


It does not seem necessary to consider these more complex hypothese 
since the existing evidence is consistent with a simple direct-access theory А 
retrieval for both recall and recognition at both short and long e 
intervals. In the present section we will carefully describe the duse 
and search hypotheses regarding recognition and recall and then exam! » 
nition and recall at both short and long retentio 
intervals. 


The Direct-Access Theory 


e 
Я nd ^st th 
€sented іп a recognition tes ы ОР 
Me. PES MEN 
either between the pair of iten 
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: s ning of alternative loca 
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require time. Thus, the retrieval 


following presentation of the test 
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period on the order of 
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à collected by Reed indic i of 
о for relatively complete retrieva 
emory.® At an tim i > retr! 
ies € during the r У 
process subjects can make а decisi i e tht ile mp based on the 
= " os S X EA „ооп 

Бус Strength to some criteri 
€ criterion and “no” oth 


eva 


fef 1 2 е 
gnition memory is that th 
ed by the strength of any 


з га th 
Ne 15 retrieving the streng 
he strengths of 4C or DB associations are 45° 
sumed to be irrelevant to the retrieval process fo 


5 В : ж rthe 4B association. Ther 
is some evidence supporting this hypothesis With res зо hat 
asymptotic retrieved strength of the 4B associ P o the u 


ation (after two seconds О! 
*W. Kintsch, Learning, Memory, and Conceptual Processes, New York. 
and R. C. Atkinson, “Memory Scanning for Words vs. 8 


: uola 
Ы : Categories" ypu ley, PoJ 
and Verbal Behavior, 1971 (10), 522-27. J. F. Juola, I. Fi 3 


sher, C. T mal of Verbal Learnings 
“Recognition Time for Information Stored in Lo 


5 Sod, and R, C, Atkinson: 
à 1 ng-Term Memory.» Perception aní 
Psychophysics, 1971 (10), 8-14. f & 
%А. V. Reed, "Speed-Accuracy Trade-Off їп Recognition Memory S ga pco d 
М се, 
574-76, 2 
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more of retri z = > a 

$5 f retrieval time)? though the rate of retrieving an AB association 
rs > ç x z D iati 

ars to be slowed slightly by the presence of a strong AC association. 


Existi 
stin at; ра : 4 i i 
g data on retrieval dynamics are consistent with the direct-access 


theory і : 
y in which the rate of retrieving an AB association is somewhat slower 


mihe pree i ; ^ 

p» presence of an 4C interfering assoc 
лу Ree 

y theory of recall must almost necess 


competiti = os 
petition between 4B and AC associations un 
required amon 


iation.* 

arily assume the possibility of 
der some conditions. In the 
g all the possible responses 


usual rec; SER: 
al recall procedure a choice i5 
ative strengths of associa- 


to the A sti Е : : 
Nis, he 4 stimulus. Thus, a comparison of the rel 
dew between 4 and all possible responses is logically required in the recall 

Sk, although if omissions are permitted, the competition may only be 


am 
ong those associations that exceed the recall threshold. In recall as well 
ence of a strong AC associa- 


as in rec Ре E + 

tic п recognition there is evidence that the pres 

o. retards the rate of retrieval of strength for an AB association, and that 
€ magnitude of this associative interference effect on retrieval appears to 


be ex; етуі 
€ exactly the same іп recall as in recognition.” This suggests that the same 
call and recognition. We shall argue that 


retrievz » 

i trieval process is used in both ге : 
ks retrieval process is very likely direct access 1n both recall and recogni- 
lon. à 


The Search Th 
eory 
s logically involves the retrieval of 


all, this retrieval is assumed to 
aneously for all associations. By contrast, 
à search theory assumes that memory retrieval for even a single association 
requires sequential (serial) accessing of several different memory traces 
(whether varying continuously in strength or being all or none). Sternberg, 
for example, assumes that a subject recognizing whether an item came 
from some previously presented list sequentially searches every memory 
location used to store items from the previous list, looking for a match 


between the test item and an item in memory. v 
Sternberg distinguishes two types of search: self-terminating and ex- 


haustive. The self-terminating search is assumed to end whenever a match 


-access proces 


Even when the direct А 
th, as in rec 


mor Sg 
nore than one associative streng 
Proceed in parallel, that is, simult 


“Exponential Decay and Independence from Irrelevant Associations in 


Tw. A. Wickelgren: ; ^ Е 
Short Term Recognition Memory for Serial Order. Journal of Experimental Psychology, 1967 
(73), 165-171. L: Postman, K. Stark, and J. Fraser, ‘Temporal Changes in Interference.” 
Journal of Verbal Learning and Verbal Behavior, 1968 (7), 672-94. ; 

. T. Corbett, “Associative Interference and Retrieval Dynamics in 


8W. A. wickelgren and A. 1-5 s 
Yes-No Recall and Recognition. Journal of Experimental Psyc hology: Human Learning and Mem- 
ory, 1977. 
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a -y of Forgetting.” Jour! 1 V S , ‘Competition in the 
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an item in memory, while the exhaustive 
every item stored in some set of memo 
part way through the set or nor, Tu 
à priori to be more functional, but s 
compelled the assumption that recogniti? 
‘as exhaustive rather than self-terminating- ly 
е search theories have always explicitly or implicit : 
d not search all the millions of locations е 
can instead directly access a relatively е 
ough which the sequential searc 
simonious if a direct-access theory 
ory retrieval, since a large compo 
ct access under both the search an 


А е 
cted to produce the item that inp 
^ i : For this task Sternberg assumed б" 
a retrieval process: (1) The subject has direct access to the memo! y 

ns corresponding to the Successive list items. (2) The subject a 
" . - $ H ila 
rough the list (typically from the beginning) unt * 


he probe item. (3) The item in the next memor) 
d Produced as a 
sumed that the search Process in recall] y 


logicall ible th i d 
ogıcally possible that recall involves а self-termi 
nition involves an exhaustive s * 


than assuming the same type of 


sentation of a Ca 
nst 
rts with the 
animal whose name begins with H. A 


© search sequentially for 
е г 
Search process is usually 


Recognition Memory 


Short-term retention. In a 1966 study of en 


" . “normous ing 
presented a list of anywhere from one to six d 


igits follow. 


10S. Sternberg, "High-Speed Scanning in Human Memory." Séi 
Sternberg, “Ме гу сарп: Mental oce Revealed by Reaton 966 (153), 659-54. S. 
American Scientist, 1969 (57), 421-57. 

11]. L. Freedman and E. F. Loftus, "Retrieval of Words 
of Verbal Learning and Verbal Behavior, 1971 (10), 107-15. 
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me Experiments: 
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that might or might not be in the list. He then measured the reaction time 
Subjects took to decide whether the probe digit was a member of the previ- 
ously memorized list (target set). The time to make this decision appeared 
to increase linearly with the length of the target list, that is, the reaction- 


time function was a straight line. Furthermore, the same rate of increase 
obtained both for probe items in the list (old items) and for probe items not 
ignificant differences in 


in the list (new items). Finally, Sternberg found no si ifi esi 
the reaction time for old items chosen from different serial positions within 
lists of any given length. These results led Sternberg to conclude that 
recognition memory involved an exhaustive serial search of the target list. 
If the search proceeded from the beginning of the list and was self- 
terminating, one might expect a primacy effect: faster reaction times for 
Probe items from the initial positions in the list. Alternatively, one might 
Expect a recency effect if they began scanning from the end of the list. 
Furthermore, if the search were self-terminating, the old items would, on 
the average, be encountered after searching only half of the items in the 
target set, while saying “no” to new items would require gearching пе 
entire set. This leads to the prediction that the rate of incr «tn the 
reaction time as a function of set size for old items would be a half the rate 
for new items, contrary to what was obtained.'* The рт edicted functions 
for both exhaustive and self-terminating search are show in тше уй 
Since under other conditions one typically obtains primacy and recency 
, Self-Terminating 
r^: srr 


old 
+ items 


Reaction Time (sec.) 
a 


ES 


Reaction Time (sec.) 
a 


T 2 3 X Жш: 
List Length 


2345 6 


List Length 
3 Example predictions of the reaction time to say "yes" to old items (items that were 
5 list) and "no" to new items (items that were not in the target list), according to a 
stive search theory and a serial self-terminating search theory. Sternberg's experi- 
ere in accord with the exhaustive search theory, where the rate of increase in 
ition time as a function of list length is the same for old and new items. If the search were 
reat тай the rate for old items should be half the rate for new items. 


128ternberg, “High-Speed Scanning." 
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correct recognition) 
should predict prim 
nition memory as w 
should predict that 
owing to their lower avera 
direct-access strength th / i i 


è as 
- Accordingly, Sternberg’s results were d 
Scarch process in recognition ret 
emory. As strict 
ave been replicated so long as there was sce 
ects of his procedure, but these findings are 


| ~ of which 
ег experimental procedures, the results of * 
strongly favor the direc "access theory oy, 


ired to obtain St 


presentation of the probe 
for rehearsal, which coul х 
learning that typically account for. Primacy effects and any differences » 
retention interval that result ; ‘fects. Strong primacy and recency 
effects are obtained whe i 


А ге меге 
ncreasing set sıze 7 


onsite 
small variations in Шу 
у : : t is a fact that any stead 
increasing function will be reasonably wel| fit 


: : a 
5 Y a linear function over 
independent or 


functions. 


"ЗВ. E. Morin, D. V. DeRosa, and V. Stultz, “В 
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nition Memory for a pap КОЧ yes d sa ee 5 1 

у lis, "Serial Order іп Recognition and Recall.” Journa, of Experi, ion 
a a K. Kirsner and F. I. M. Craik, "Naming and Decision Processes Од, 180. 
Recognition Memory." Journal of Experimental Peschology, 1971 (88), 149.57. UA ee e d 
Okada, "Serial Position Effect in High-Speed Memory Search. Perception and Psychophysics, 
1971 (10), 305-8. M. C. Corballis, J. Kirby, and A. Miller, 


Access to Elemen у: 
ts of prize! 
List.” Journal of Experimental Psychology, 1972 (94), 185-190. of a Метс 


Vrognition Memory ang Reaction Time." 4c! 
and R. Ulm, "Short-Term Reco£ 
Science, 1967 (9), 617-18. М. С, 
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In a 1 AA 

d Ae Е : ; : : 
addition, the significance of the supposedly linear increase m reaction 
even these limited conditions, by the 


ant confounding factor, namely, 
off speed for accuracy in any 
ion memory retrieval." Thus, 
acy criterion that subjects are 


t тео 
s u is pro mised, under 
ман. ЧС. ше to deal with an import 
known ns тас) tradeoff. Subjects can trade 
lesen ista time task, including recognit 
capable сү to be some sort of time or accurac) ion that 
eden к varying. This produces corresponding variation in the actual 
stis times and associated error rates in any given condition. In every 
dy that I have seen in which error rates have been reported, error rates 
ave increased substantially with increasing list length in the Sternberg 
iro. M Such results suggest that the recognition times for long list 
.engths are underestimated, perhaps seriously. The form of the speed- 
accuracy trade-off is such that at the very high levels of accuracy that 
subjects are typically instructed to obtain, small differences in error rate 
translate into extremely large differences in reaction time. Thus, the actual 
reaction times obtained in these studies at varying error rates for different 
Set sizes may not be very meaningful. 7. 
_ Finally, even under the standard Sternberg conditions, Baddeley and 
Ecob have found that presenting a digit more than once in a target list 
reduces the reaction time for that digit by comparison to nonrepeated 
digits in the same list and by comparison to comparable lists without re- 
peated items. Such results are precisely what is expected by direct-access 
Strength theory and appear to be inconsistent with an exhaustive search 
theory. Baddeley and Ecob obtained a linear increase in reaction time with 
increasing list length and an absence of serial position effects, precisely as 
obtained by Sternberg.'^ This demonstrates that the findings claimed to 
Support an exhaustive theory can be obtained under conditions where 


another finding clearly contradicts it. 
As we have pointed out, it was never very reasonable 
erial search process operated as a general model of 
long-term recognition. One must assume, at a minimum, that subjects can 
directly access some relevant subset of memory locations to search, as it 
would simply require too much time to search all contents of long-term 
memory, eve? at the “high-speed scanning rates proposed by Sternberg. 
One of the most promising paradigms for evaluating a search theory of 
long-term recognition s is the category-exemplar recognition task: 
deciding whether a word Is a member of some category (bird, city, female 


Long-term retention. 


to assume that а 5 


eed-Accuracy Trade-Off" W. A. Wickelgren, "Speed-Accuracy Trade-Off and 
Xx an 


14 Reed, “5р = i a 
information-Frocessing Dynamics." Acta Psychologica, 1976. 
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prey utsch and Deutsch, Short-Term Memory, 
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name, etc.). Some s 
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examples in been a couple of failures x oh 
this finding, ory-membership recognition бейшен! ae 
likely to be mediated by the Strength of the association between es ne to 
There is at present no evidence requiring rofa 
ous direct-access retrieval hypothesis in dde d by 
n of direct access of the category set followe 
search of the locations in the category set. 


gU od by Stern- 
In the probe-digit experiment performed by 
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cally and approximately gir d 
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mplex discrepancies as well. pa 
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the list, However, it is equally p ee 
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der Conditions that тілі 
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"Т. К. Landauer and JL. Freedman, “Information Retrieval 
Category Size Affect Categorization Time?" Journal of Verba] 
291-95. D. E. Meyer, "On the Representation and Retrieya] Of Store, ч ation. 
Cognitive Psychology, 1970 (1), 242-300. “Б F. Juola and R. C, Ay iu Semantic oe for 
Words vs. Categories.” Journal of Verbal Learning and Verbal Behavior "1971 (107. 5929-97. A. J: 
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"а! of Verbal Learning and Verbal B invio 1970 

syan, Target-Set and €sponse-S, si teraction: 
tion Processing.” Science, 1 OCDE 
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investi : Я ч а 1 
Sugators have found both primacy and recency effects in probe-recall 


Studies.!9 


yr iens retention. As in the case of recognition time, greater frequency 
ibo NOR of a pair of items decreases the probe-recall latency of the 
e мн to the stimulus for a very large number of trials beyond the last 
fadt. paired associate-learning.^" In long-term recall of a category 
er beginning with some letter of the alphabet, Freedman and Loftus 
àve shown that the number of examples in a category has no necessary 
effect on reaction times when the category cues are strongly associated to 
the Tesponse items, as for example in recalling an animal whose name starts 
With the letter Z to which a correct response is Zebra2! Thus, it is the 
Strength of association between the cues and the response that appears to 
* the variable that significantly influences recall reaction time rather than 
the number of items in the relevant categories. 


RECOGNITION AND RECALL COMPARED 


Is Recognition Better than Recall? 
are higher than recall scores. One 


Sutherland, and Judd emphasized, is that the 


number of alternatives is typically much higher in a recall test than in a 
recognition test, and this leads to differences that are the result of chance 
guessing alone. When such differences are eliminated, by having the 
number of alternatives on the recognition test equal the number on the 
recall test or when the chance effects of guessing are eliminated bya correc- 
tion procedure, some ог all of the difference between recognition and 


T et 22 
recall scores is eliminated. Р d 
The greatest problem in most previous comparisons of recall and recog- 
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In most instances recognition scores 


reason for this, as Davis, 
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nition scores has been the tend 
ference in the retrieva 
in the memories bein 
comparisons of reco 
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the for Я z 

сл uale AMNES-IC, and EXPLO-RE. In the recall condition 

letters, In th En the initial five letters and asked to produce the last two 

mixed with seni pm test they were given only the last two letters 

Occurred in tl eas tor letter pairs and asked to identify which pairs had 

ofthe items pa р! eceding list. Subjects clearly recognized that the two parts 
s on the original paired-associate list combined to form English 


Words z 

Sar y а а p 
and had no idea they were later going to be tested for recognition of 
After a retention interval of a little over half 


on test (for the last two letters) was 
recall test it was extremely high.?? 
e being tapped by the 
he tests as compari- 


th 

Mai ied in isolation. L 

only or seien on the recogniti 

nca gust y above chance, while on the 

кшш completely different associations мег 

sons of Л апа recall tests, which totally confounds t 
пе recognition and recall retrieval processes. 


^ Theoretical Comparison of Recall and Recognition 


oretical comparison of recall and 
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all and recognition? Whenever 
пеге is a difference, then one 
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the answer to one of these questions is that tl 
Wants to know the nature of the difference. 

ecall and recognition tap the same basic 


memory storage system, and there is no reason to doubt this assumption. It 
would be dysfunctional for humans to store the same information in two 
different storage systems since the same information is relevant to answer- 


Storage. Itis widely believed that r 


e same memory system is tapped by both 
at any comparison of recall and 
me associations. As was discussed 
s section, most comparisons of recall and recogni- 
unded the comparison of output processes by 
traces in recall and recognition. 

and free recall of items, Tulving has pointed out that 
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nition can be considered end points on a continuum de- 


recall and recog! і 
fined by the number of retrieva 
retention test. 


traces) used in the 1 
hey admit, demonstrated the obvious: that recall of the 
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recalled.?9 Recognition тез 
'hich one provides all of the а 
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more, it appears t 


€ discussed previously, 
eval hypothesis for both 
hat the rate of retriev. 


memory is precisely the same as in fc 
(The retrieval rate for backw 
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Overview. The retrieval process appears to be identical, and the same 
ш system is used in both memory output tasks. The two principal 
ie епсез between recall and recognition are that (1) typically (although 
9 ecessarily) there are important differences 1n the decision stage, and 
ү ) typically there are differences in the associations tapped by recall and 
recognition, because recognition has more retrieval cues than recall. 


S 
TATE-DEPENDENT RETRIEVAL 


F ` x 
ugue and Multiple Personality 
In a state of fugue amnesia an individual loses personal memory for his 


or her identity and life experiences but retains the ability to understand, 
r as semantic knowledge of the world 


hoe read, and write language as wella Bn P Media dani 
at is unrelated to individual identity- There is no evidence that the laws 
b memory are different for episodic and semantic memory, but the exis- 
tence of patients who show à selective loss for episodic memory (if this were 
"Igorously established) suggests that there is an anatomical or physiological 


differentiation between the two types of memory that might be associated 
erences. However we know too little yet to 


Wi ^ т T 5002 
vith functional psychological diff s | xpi PR 
Say whether this is so and what those differences if ay hiis Жее 
j МИК Е E i h a new persona 
__In fugue amnesia an individual may begin to estal is z oe os 
Ыш and is able to remember personal Mp mpm eae d 
ETT [D А p К u ue S re- 

ugue state. When the individual awakens from the tug iene. 
Bains his or her original identity, the episodic memories acquire F 2 g 
the fugue state may be unretrievable. In rare circumstances an ш ча 
тау periodically alternate between two OT more differ А per mi rada 
With a set of episodic memories for each personality and е ility to 
remember the episodic memories associated with the personality not now 

"in control." " : 
The dissociation of episodic memories 15 not necessarily E in 
either fugue or multiple personality. Individuals are eae able to 
remember events that occurred during the fugue stale Mi е they ы 
their previous identities, and there are various етая kon сера 
memories in different cases of multiple personally: D SU os id^: 
that one of the personalities Сап remember Es у 18 own set o km ic 
memories, but another personality can remember its own set and the set 

appropriate to other personality. А LS. { 

In terms of the acquisition, storage and retrieval distinction, fugue is a 
sopor fascinating discussions of fugue multiple personality, and other memory disorders 
sec I. M- L. Hunter. Memory. Mandand: Penguin; 1064: Seealo Th Ribot, Diseases of Memory: 
An Essay in the Positive Psychology. Englewood cliffs, №. J+ Prentice-Hall, 1896. 1 
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; I 
i 2 rovide ot 
` trance, and drug states may provi 
€-dependent retrieval. 
р 


;ple 
de > or multi 
mory in fugue о! ' 


pnotizable subjects аге hyp* 
? remember what happened SE such 
vaking state. To the extent hypnotic 
by a return to the dream or ПЕ rage 
ate is one of retrieval, not of оло 
$ whether memories acquired in pre rake: 
in another dream state than while уус 
Sthypnotic amnesia requires specific hiyi 

Drugs 


There is some evidence for state- 
tion, but the same de 

recognition memory.?! Thus 
alcoholic intoxication 


аз xica- 
dependent recall under alcoholic into 

:41 is tested PY 
£s not hold when the material is test te o 
› an AB paired associate learned in a sta 


+ x- 
ees ain into 
r when a subject is again ut 


xication appears to have some state- 


never been determined whether these are Selective 


31D. A. Overton, “A State-Dependent Learning Produced Ь Al 
Alcoholism,” in B. Kissen and H. Begleiter (eds.), The Bio, ‘cohol 


О 
y vance t 
logy of Alcoho, and Its Rele 
Behavior. New York: Plenum Press, 1972, PP- 193-217. D, W 


Scd lism, Vol, 5. Physiology ой 
< W. Goodw геп 
Н. Hoine, and J. Stern, “Alcohol and Recall: State-Dependent Effect i Powell, D. Bre 
(163), 1358-60. 


an. Science, 1 
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ү о whether they affect episodic and semantic memory equally. 
Clason ar from having an adequate experimental basis for drawing con- 
s about even the distinct existence of fugue, multiple personality, 
and state-dependent retrieval under drugs, sleep, hypnosis, etc., let alone 


Nie ; 
heir mechanisms. 


RETRIEVAL FACTORS 


In Chapter 1 we distinguished between learning and memory on the one 
hand and performance on the other. Performance on a retrieval task is 
Used to measure the strength of memory traces, but there are a number of 
factors at the time of retrieval that can affect memory performance besides 
trace strength. Recall is generally more susceptible to retention failure than 
recognition memory as а result of adverse retrieval factors, but under 
Proper conditions recognition can be affected by every retrieval factor that 
affects recall. Nevertheless, these retrieval factors can be minimized by 
€xperimental controls so that retention tests can provide a relatively pure 


measure of the strength of memory traces in storage. 


Competition 
C associations is an associative interfer- 


at the time of retrieval to reduce recall, but not 
ance. To the extent that subjects are uncertain 
associations to а stimulus to recall, perfor- 

а : > reduced. А recognition test of AB usually avoids 
ылга a olea ue choice bane AB and AC . A recall test that 
permits more than one response also avoids competition. The original 
cause of competition is the establishment during Ше retention interval of 
competing AC associations to an originally earned AB association. How- 


i erates at the time of retrieval. 
ever, the interference ор 


Competition between AB and A 


ence factor that operates 


usually recognition, perform 
about which of two (or more) 


Retrieval Time = \ 
recognition or recall is another retrieval factor that 


. wine the time for п 4 
Limiting ry performance. Retrieval time affects both recall and rec- 


‘esses memo iti 

Черге t because recognition and recall performance approach limits 

сыно times on the order of two or three seconds, it is easily possible to 

wc am his factor by allowing sufficient time for recognition or recall.?? 
mina Ў i i i 

(d illustration of the time course of memory retrieval is shown in Figure 

15-4. 


az Reed: *"Speed-Accuracy Trade-Off in Recognition Memory." 
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Retrieved Memory Strength (D°) 
A 


5 3 


1 2 


Uehling and Sprinkle 
recall, but the effects were very small. Ex 
arousal by other means 


have sometim 


33B, S. Uehling апа R. Sprinkle, “Recall of a Serial List asa F Я zd 
Retention Interval." Journal of Experimental Psychology, 1968 (78), 103.6, ОП of Arousa LO 
of Being Observed on Short- and Long-Term Recall." Journal of Experi, Green, “Е! 
(100), 395-98. 


"imental Psychology, 1973 
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Fatigue and Satiation 


PER iae. я i know of no studies of the effect of general fatigue on 
Kans te iar i , but E isa reasonable possibility. ren N a 
Physical ^» in understanding fatigue Bee include istinguis ning (1) 
fatigue fr m mental fatigue, (2) differ ent types of mental fatigue. (3) 
еерее Papa low arousal, and (4) fatigue from associative proactive inter- 
actors. 

One specific extreme of the fatigue hypothesis concerns whether it is 
же уы, (temporarily) overuse an association so that it is “tired out.” So 
recall H now repeated AB recall does not eventually produce an inability to 
m : when given 4, but there have been demonstrations of the so-called 
emantic satiation effect—that the dominance of word meanings or associa- 
we can be altered by repeated presentation or production of a word.?* 
“Ou can produce the effect for yourself by repeating а word over and over 
again rapidly. After a time the word may begin to sound strange, and the 
meaning of the word, as indexed by the associations you produce to it, will 


Often be altered. 


Motivation and Repression 
vation and attention are two of the 


Control of motivation is a consid- 


animal learning and memory, but it is typically 
assumed that human subjects are usually optimally motivated by instruc- 
tions and the desire to do well or please the experimenter. In cases where 
motivation has been deliberately manipulated in studies of human memory 

incentives or pun ishing incor- 


retrieval by such means as varying monetary \ о: ў 
rect responses with electric shock, the incentive condition at the time of 


recall has typically had little or no effect, which confirms the assumption 
that motivation is typically not à significant retrieval factor in human mem- 
ory ехрегітепіѕ.?? i | 
According to Freud and other psychoanalysts, some emotionally dis- 
turbed persons (subconsciously) block recall of unpleasant memories, even 
when forced to attend to cues that would be completely sufficient to pro- 
duce recall in norma phenomenon, called repression, is simi- 


er ] that motiv 


We pointed out in Chapt 
erformance. 


Primary factors that affect p 
erable problem in studies of 


] persons. This 


™ z. Lambert and L. A. Jakobovits, “Verbal Satiation and Changes in Intensity of M - 
ш denn 10 Experimental Psychology, 1960 (60), 376-83. S. Fillenbaum, "Verbal айа, 
Changes in Meaning of Related Items. Journal of Verbal Learning and Verbal Behavior, 1963 (2) 
263-71. R- Dolinsky an G. M. Barbarosh, "Changes in the Dominance of Word Associatio : 

Journal of Verbal Learning and Verbal Behavior, 1967 (6), 397-81. 


Following Verbal Repetition. А 
h, "Motivation and Long-Term Memory." Psychonomic Science, 1968, (19) 


35B. А. неше dard 
149-50. D- D. Wickens and C. K. Simpson, “Trace Cue Position, Motivati 
149-80. D: fuat of Experimental Psychology, 1968 (76), 282-85. en ios and TD Wick 
M Effect of Incentive on Storage and Retrieval Processes.” Journal of Experime: xc Wick- 
1970 (85), 141-47. ‘perimental Psychology, 
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lar in some respects to fu 
global in scope 
turbed patient 


5 

Р 4 uch les 

gue or multiple personality though m a dis- 
и isodic MOTY 

- Rather than losing all personal episodic memory, 


-ies con- 
й AR mories C 
may repress only some particularly painful men 
cerning traumatic events. The circums 


family or some other traumatic ev 
ten by such an indiy 
these memories. Th 
be elicited under sp 
hypnosis. However, 
is blocked because 
emotion. The scien 


in the 
Eus scent init 
tances surrounding a puc in 
ent may appear to be completely revive 
idual and resist or. 


«dee 
; ; arez -an ind 
€ memory is assumed to be in storage and c 


-е 1S 
З 2 aterial, there 
Pays no attention to the relevant stimulus material, At 


ious 
ith variou 
none process, but a process with vé 


e 
:on to th 
man memory experiments. attention ically 
e uA 
ructionally controlled to the point where it is vier ] 
t -s 3 al 
ever, as discussed in Chapters 3 à 


lays a? 
to attend to the relevant cues p!4 


e 
5 Бесацѕе wh attention is focused on th 
relevant cues, the unpleasant memories are re 


the associative character of me 


asant event will be recalle 
€sentation js present in co? 


Altered Relevant Cues (Stimulus Change) 


If consonant trigrams (ZBK, RGM, and 
paired-associate learning task, and a subs 
only the second letter of each trigram as 


SO On) are Used as stimuli in 4 
equent retention test presents 
а cue, recap and recognition 


Retrieval: Recall and Recognition 423 


performance wi acie s : 
nance will be depressed compared to a condition in which the enure 


[y Ў 
i орн ds presented. Deleting a relevant cue depresses perfor- 
(аси TE subjects have attended somewhat to the deleted cues during 
butes e fie therefore have a stronger total association with all the attri- 
Situations ne compound stimulus than with any one attribute. There are 
dominant Ae which cue selection on the part of subjects is so strong that one 
eee a б stimulus attribute is as effective as the entire compound. How- 
‚ any variation in the cue selection process or any encoding of a com- 


роц е x z 5 
Pound stimulus as a single chunk will pro 


attr; duce the result that no single 
attr ч d А 
н ribute is so effective as the entire compound in producing recall or 
€cognition.?6 


Poss оноп of relevant cues сап: 

Madan ла trigram in the pre ae 

Шеше igure embedded in a complex v i: 

ida G r a subject to detect the relevant роги 
r use as a cue for recall. 

Recently there has been a series of studies initiated by Light and Carter- 
Sobell and Tulving and Thomson on the effects of altering parts of com- 
Pound stimuli from acquisition to retrieval. For example, if raspberry jam is 
Presented during learning. there will be poorer recognition memory of the 

est, in conjunction with 


Noun jam if jam occurs at the time of the retention t a 
àn adjective that elicits a different meaning of the word, such as traffic jam. 


In these studies subjects were explicitly instructed that the biasing adjective 
at the time of the retention test was irrelevant, but they had considered the 
biasing adjective to be relevant at the time of асдшвйоп. Thus, such 
studies primarily exemplify the effects of deletion of a зеет Cue sies 
acquisition to retrieval. However, to the extent that subjects are influenced 
by the biasing adjective (which they clearly are, despite the instructions) 
V aang pai ав involve the addition of relevant cues at the time of re- 


trieval. 3 r А | 
You demonstrate recall failure owing to inadequate retrieval cues 
whenever you fail to recall almost all the шше millions of facts you have 
learned. “АВ; Y ‚ "but that is because I did not want to think of 
these facts, and anyhow I was thinking about something else and can only 
have one thought at à time." But what does it mean to want to think about a 


articular thing anc 
ü that subje 


thoughts on omi 
с 
memory? Y?" ? P 


also adversely affect memory retrieval. 
vious example were presented asa 
isual display, it could be very dif- 
on of the stimulus to recog- 


nd how 
ct and not on countless other thoughts stored in your 


lish this, at least in part, because memory is associa- 


k on compound stimulus change see J. Ri E А 
w À F n see J. Richardson, "C : 
in Paired-Associate Learning." Psychological Bulletin, 1971 (75), OL Edi 


7L. L- Б 
зр... Tournal of Verbal Learning and Verbal Behavior, 1970 (9), 1-11. E. Tulving and D. M 


4 оп, B 
or Psychology, 1971 (81), 116-24. 
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А һа! 

Р М è - > associated to W 

uve, and the next thought you have is one that is strongly associ vios likely 
: ATA = Т s are 

you were just thinking about. Your current set of thoughts ar 


; big 
; > Те «now how 
the retrieval cues for your next set of thoughts. We do not kr 
such "thought sets” are, and we do no 


but the associative charac 
of our stream of thought 
Understanding the associative 


‘eae - thinking. 

t know how goals direct our tsi 
3 "leor > se 

ter of memory plays a large role in the 


im- 
Я -v and the 
character of human memory an day life- 
portance of retrieval cues can help you to be less forgetful in every 


X 
Р -ing (or do) 
How often have you said to yourself, “I must remember to bring (ОГ © 
(something) when I leay 


night, 

€ tomorrow morning (or this afternoon, edi 

etc.) for school (or Work or home, etc.)," and then forgotten to bring ially bY 

X when the time came? You can reduce this forgetfulness lap re- 

remembering that memory is associative and considering the spec! reca 

trieval cues that will be available j 
something. Do not just think 


the time, you can put ctive 
serve as a more so you 
your finger). Of course s “the 
mething, putting the thing itself in front ct an 
€ of all! Whatever you do, do not expe аё 
y to produ icular output without an approPl, 
У get thought: memory if you put thoughts 
ys than one! 


as a string on 


$ out of your 
It, in more wa 


> 


1 A ele- 
A ; А 8 the effects of altering Г 
vant cues in compound sumuli. Howe Ч 

stimulus items are presented in 


auditory stimulation, the characte 
ment, the way the subject is sitting, the apparatus bei 

Over the years many memory researchers h 
altering relevant elements of comp 


irrelevant contextual stimuli. 


les of recognition 
at were thought to be соп“ 
S Re actually Concerned with 
altering relevant attributes of compound stimuli. McGe 


Och and Irion’s clas- 
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Sic A 3 
book on human learning also attempted to make a strong case for 


pee background context as a retrieval factor depressing recall, but 
T study of the experiments they cited reveals that when studies that 
anged relevant cues are eliminated from consideration, negative effects 
of irrelevant context changes have generally not been observed.?* 

By contrast, changes in background context from a first to a second list, 
Such as moving the subject from one room to another, do appear to reduce 
proactive and retroactive interference between the two lists.?? Since chang- 
ing the context between the two lists makes context cues relevant, such 
effects of contextual change on associative interference are completely con- 
Sistent with the general hypothesis that context cues that are nominally 
irrelevant are, in general, functionally irrelevant to learning and memory 
performance. Irrelevant contextual attributes are generally not encoded as 


part of г 
Part of a memory trace. 


The effect of context on reducing associative interference raises the 


more general point that cues that are irrelevant for some purposes may be 
relevant for other purposes. Whenever a subject learns two lists, especially 
those that involve some of the sa items, it may be yery mpor- 
tant for the subject to differentiate between the lists in some way in mem- 
Ory. Such list differentiation can be achieved merely by the use of a time or 
order cue, such as first list oT second list. Any additional contextual change 
from the first to the second list might aid in this differentiation, but existing 
evidence indicates that the encoding of such list differentiation cues is done 
by means of very abstract concepts that may have very little to do with the 


specific physical stimuli in the background context. For example, Strand 
found in y t a reducti nterference when subjects were 
as great a г 


on of retroactive 1 
removed from a roo! the learning of lists and brought back to the 
om 
same room as when they v 


Viewed in a broader func З Я aepo 
tional 79а Ше retrieval to be substantially influenced by altering ir- 


‘or example, 
relevant content Oe planis it would have deleterious effects for survival if 
human beings had not possessed a very effective mechanism for distin- 
guishing between the relevant characteristics of plants and such irrelevant 
characteristics 25 background context. (Of course human judgment of what 
is relevant is far from perfect, but the mechanism for determining rele- 

; re, and attributes judged to be irrelevant at the time of learning 
arenot encoded in memory. Alteration of such irrelevant cues from acqui- 
sition to retention appears (0 have no effect on memory performance.) 
and Irion, posee of Human Learning, рр. 448-51. 

d and S. G. Wilcox, “Contextual Sti i т iv con? 
E A Psychology, 1968 (3), 475-80. B. Z. eed соон К, 4 
1nhibition-" Journal of Verbal Learning and Verbal Behavior, 1970 (9), 202-6. BOONE 


oy bid. 


me stimulus 


ssMcGeoch 
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Encoding Variability 


Since experimental] 
to retrieval produce 
that this process ma 


Ў acquisition 

Y produced changes in relevant cues from pa iwi 
B а: 

роогег performance, it seems reasonable to 2 


‚ but its theoretical potential m 
ty of learning and memory phenomena was еня im 
eloped the stimulus sampling theo asa 
O so far as to use encoding variability s и 

ption of any loss of memory in bes E 
is sometimes alleged tha ieval interference factors can account for 


rage 
à storag 
Y need to assume trace decay or $ 
es. 


"s rain 
er illogical way, the results of studies by Wilder Penfield of bra 
in conscious i i 


По systematic inv, 


» itis not Possible to q 
from those characteristic 


some relevant cue, that n 
this hypothesis, but it does not significant * e се 
As Postman and Underwood have POinted oue ino vA of the 
encoding variability hypothesis have demonstrateq ted stu exo n 
the encoding of the same nominal Stimulus under the thd aye: sore 


Provide any 


“W. К. Estes, “Toward a Statistical Theor 4 кү, 
оя E. Martin, "Stimulus Meaningfulness and Paired-Associate gical Review, 1950 Lae 
Variability Hypothesis.” Psychological Review, 1968 (75), 421.4]. c. tansfer: An p 
Sampling Theory of :ncoding Variability,” in A, W, Melton and E. ў Bower, iue 
Processes in Human Memory. Washington, D. C.: V. H. Winston аг i Sons 295 Pup 193. 

*?Ww. Penfield, “The Interpretive Cortex.” Science, 1959 (129), | rd 2, pp. 85 


y of Learning ^ P. 


Sycholo, 


719.25 
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43 Thus, the forgetting observed in these 


dard y 
verbal learning experiments. 
y means of this retrieval interfer- 


s % 
чү ы cannot be accounted for solely b 
^ e 

Occur ep E encoding variability ¢ 
a significa n ea substantial source of retrieva 
50 rapidl CR in the recall of childhood 
the Нар, expanding the set of concepts with w. 
differen » events that are coded equivalently by à tios c ies 
child's | ways by children, especially if they occur at di ferent times in the 
iin 7 evelopment. Thus, even though encoding variability таў often be 
lear olled experimentally so as to be a negligible factor in cer tain human 

ning and memory experiments, it is almost certainly an important re- 


triey shee 
val factor under other conditions. 


an occur, and that when it does 
| interference. It is very likely 
memories. Since children are 
hich they encode events in 
adults may be encoded in 


Inf А 
егепсе (Reconstruction) 
questions we can answer on the 
answered on the basis of a single, previ- 

arately stored associations 


combine sep: s 
er a rich variety of possible ques- 


ents makes use of our associative 
eption concerning "what 


As we saw in Chapter 10, most of the 


os of stored information are not 
y stored association. Rather; we 
Y means of inference processes to answ 
tons. Furthermore, our perception of ev 


memor i the time of perc 
to draw inferences at О 1 o 
Must E happened ” By and large such inference 1$ desirable. However, 


When completely veridical testimony is required, as ey $ ep eis sis e 
court of law, such inferential use of human memory (whether at the time o 


ue н e time of retrieval) can be a substan- 
original perception of an event or at th 


tial « : -ference. : : : 
al source of interferen of the recall of stories established that subjects 


B , ic studies i i ў 
m s ues qe of inference from their general semantic memory in 
Ө БЕНЕН ЦЕ гієѕ.** Human beings are forever reconstructing "what 

constructing StOT! 7 ans of inferences from fragmentary percep- 


E те: 
Figs gin d wher more, the E ES in retrieval is so 
ОКЫ а ме M Кор etely unaware of what we 
dictis recall an what we meek excep en our attention is specifically 
D action, as un er cross examination in a law court. 
drawn to t eh i | extends even to presuppositions contained 
The use of! d Palmer conducted experiments in 


an and B. AP: Underwood, “Critical Issues in Interferi qi E 
өү. PIT а), 19-40. ence нео Memory. dud 
Cogn tt, Remembering: A St dy i й ; 
h Bartle! ee bering шау in Experimental and Social Psychology. Cambridge: Cam- 


428 Retrieval: Recall and Recognition 


cars going when they smashed into each other?" 


produced higher speed 
estimates than questions using the v 


i it, 
erbs bumped, collided, contacted, а 
instead of smashed. А week later subjects who heard the verb smashed W 


more likely to answer the question “Did you see any broken glass” s 
tively, even though there was no broken glass in the film.*? Such rest 


H H . . H H i on 
point out how extraordinarily difficult it is to secure accurate testimony 
without unwarranted inferences, 


SUMMARY 


Elementary recognition memory is based on the feeling of Шию 
aroused by some material. Elementary recall is the generation 0 t- 
new thought in Tesponse to one's prior thoughts. Experiments 3 

tempt to co hts by stimulus cues. 


(constituents) of the item 
item. 


cues. 


ЗЕ. F. Loftus and J. C. Palmer, "Reconstruction of A. 


the Interaction Between Language and Memory." Jo 
havior, 1974 (13), 585-89. 


ane Destruction: An Example or 
of Verbal earning and Verbal Ве 


10, 


13. 
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Retrieval i 

N Weel le A uasa ener for both recognition and recall. 
UR SEAR de a BE б оао Р elementan retrieval tasks. Mem- 
снае 2 : 5 Ds ex гер ieva ; р! ps involving a sequence of 
EN oq ut еса 5 апа recognitions, as in trying to remember 
мечуй name by giving oneself a succession of cues. 

Sister ie aa тес appear to use the same (associative) memory 
sigh iA. 5 ve retrieval process, and sometimes even the same deci- 
аге bmi though typically they use different ones. Generally, there 
tapped e retrieval cues—and therefore more associations being 

—in recognition than in recall. 

y, dreams, hypnotic tr 
some memor! 
be readily retrievable under 
al is not well un- 


i ugue, multiple personalit ance, and some drug 
Rena may produce a cond ies are unlikely 
е тешеуей, even though they may l 

conditions. Such state-dependency of retriev 


derstood. 

Some of the factors that can affect both recognition and recall per- 
formance at the time of retrieval are: (1) retrieval time, (2) motivation, 
(3) attention, (4) addition or deletion of cues that are treated as relev- 
ant by the subject, (5) encoding variability, and (6) inferences by the 
subject. Even competition can affect a recognition test, though usually 


it is only a factor in recall. 
Most of these retrieval factors probably affect recall more than recog- 
nition, but there does not appear to be any qualitative difference in 


the retrieval factors that affect recall and recognition. 

The effect of the following factors on elementary retrieval appears to 
be minimal: (1) retrieval time beyond a few seconds, (2) arousal (pro- 
vided the subject 15 awake), (3) general fatigue, (4) differences be- 


tween moderately high and high levels of motivation, and (5) context 


changes in irrelevant cues. 
t definitely establis 


ition in which 


hed) that all retrieval factors can 


be experimentally controlled so as to provide relatively pure measures 
of the strengths of memory traces In storage. Recognition tests are 


probably somewhat easier to control in this regard. 
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